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Eight different tissues from thirteen different species
(six of them being mammalian species) have been tested for
ACTH-like and opiate-like activities. The tissues and species
studied included the heart tissues of-rat, hamster, guinea
pig, gerbil and turtle bovine testis, ovine and eel pancreas,
brains of pigeon, snake and grouper, snake and flounder
pituitaries, and various tissues of flounder and lamprey.
Opiate-like and corticotropin-like activities were extracted
from the tissues with a mixture of acetone, HC1 and water and
then subjected to chromatographic purification procedures such
as gel filtration and/or ion-exchange chromatography. Opioid
activity in the tissues was monitored by testing the
competition with [3H1-D-ala2-D-leu5-enkephalin (DADLE) for
binding to rat brain synaptosomes. J3-Endorphin-like
Immunoreactivity was monitored by the displacement of 1125I113-
endorphin from binding to a specific antiserum against human
'3-endorphin. Corticotropin-like activity was monitored by
their stimulatory effects on the production of corticosterone
from dispersed rat adrenal decapsular cells.
B-Endorphin activity was detected in most of the tissues
under studied. Both opiate-like and corticotropin-like
activities were demonstrated in most of the tissues studies
except that oploid activity was not found in the pigeon brain
and that corticotropin-like activity was not detected in the
turtle heart, eel pancreas and turtle intestine. Studies on
various tissues of the flounder revealed the presence of
2corticotropin-like activity in the combined brain pituitary
extract and interrenal tissues but not in the heart, intestine
gonad, or liver while opiate activity was found in most
tissues the except gonad. !3-Endorphin-like immunoreactivity
was found in the combined brain and pituitary and the inter-
renal tissues of flounder but not in any tissues of lamprey.
In general, opioid and corticotropin-like activities in the
tissues were retarded on Sephadex G-25 and adsorbed on CM-
cellulose indicating that they were basic in character and
possessed a molecular weight of less than 5,000 like authentic
corticotropin and opioids from the mammalian pituitary.
However, a portion of the activities in some tissues was
unretarded on Sephadex G-25 and implying a molecular weight
larger than 5,000.
Studies on various tissues of lamprey revealed the
presence of corticotropin-like activity in the brain and liver
but not in the pituitary, heart, intestine, ovary or testis
while opiate activity was found in the liver, heart,* gut,
brain and pituitary but not in the gonad. !3-Endorphin-like
,immunoreactivity was not found in any of the lamprey tissues
studied. The potencies of the activities found in the assays
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1Chapter 1. INTRODUCTION
1.1 Iielationship betwee adrenocort1cotrooin and opiates
1.1.1 POMC is the common oorecuursor of ACTH and oniat?s
Adrenocorticotropin (ACTH) is an important peptide
hormone secreted from the anterior pituitary of mammals. It
has been demonstrated that this peptide is derived from a
poly-protein called 'proopiomelanocortin' (POMC) in the
pituitary (Hope and Lowry, 1981). POMC is now found to be
also the precursor of many other pituitary hormones including
cx-MSH, /3-MSH, 13-LPH, Y-LPH, and /3-endorphin (Chretien and
Seidah, 1984).
When first discovered, !3-lipotropin 03-LPH) (Li and
Chung, 1976a), one of the derivatives from POMC, was found to
contain the sequence of methionine enkephalin, the first
discovered endogenous opioid peptide. l3-LPH was therefore
suspected to be an opioid precursor. Further character-
ization of this peptide led to the discovery of a fragment
that possesses this particular sequence and opiate activity
(Cox et al, 1976 Graf et al, 1976). This fragment was found
to have 31 amino acids and possess little lipolytic activity
(Li and Chung, 1976b). It is in fact a new endogenous opioid
derived from POMC and is now called 13-endorphin.
1.1.2 ACTH and opiates work together in the body
2Some aspects about the actions of ACTH and endogenous
opiold peptides are discussed here to show the relationship
among these regulatory peptides in the body.
1.1.2.1 Adrenal cortex is a target tissue of POMC-derived
peptides other than ACTH
Adrenal cortex is the conventional target tissue of ACTH.
It was found that concentrations of 8-endorphin and -LPH
increase progressively from prepuberty to puberty while that
of ACTH remains rather constant (Genazzani et al. 1983). In
view of the fact that the N-terminal fragments of POMC possess
mitogenic activity (Estivariz et al, 1981) in the rat adrenal
under physiological conditions, it was then proposed that
POMC-related peptides other than .ACTH regulate adrenal cell
growth whereas the steroidogenic cascade remains under the
control of ACTH (Genazzni et al, 1983). This proposal was
supported by the recent discovery that pro-Y-MSH, a peptide
derived from the N-terminal of POMC, is a trophic factor of
adrenal cortex (Lowry et al, 1984-85).
1.1.2.2 Endogenous opiold peptides regulate the level of ACTH
in the body
/3-Endorphin was found to suppress ACTH and cortisol (a
cortical steroid hormone secreted by the adrenal under the
stimulation of ACTH In human beings) levels in normal human
subjects (Taylor et al, 1983), indicating an indirect
regulation of cortisol output through a feedback mechanism on
3the POMC synthesizing and/or processing system. Furthermore,
direct evidence of the inhibitory effects of endogenous opioid
peptides on the release of corticotropin releasing factor
(CRF), the stimulatory factor of ACTH in hypothalamus. was
found by using rat hypothalamus (Yaiima et al, 1986).
However, a direct influence of 13-endorphin on the cortisol
response to ACTH was also found (Bever et al, 1986).
1.1.2.3 ACTH also affects the opiate system in the body
Analgesic effects of ACTH with a potency.-equivalent to
morphine have been reported (Walker et al, 1980). However, it
is also thought that ACTH may have a physiological role as art
endogenous contra-opioid agonist (Hendrie, 1985) as it
reverses the actions of opiates (Hendrie, 1986). Although it
was suggested that POMC-derived peptides other than I3-
endorphin play a physiological role against the potentially
long-lasting effects of 8-endorphin-induced analgesia (Akil et
al, 1986), the controversal problem remains to be uncovered in
the future.
1.1.2.4 Stress stimulates both ACTH and endogenous opioid
pept ides
ACTH is long known as the hormone that cones with stress
in the body (Jones et al, 1981). Recently, endogenous opioid
peptides (Terman et al, 1.984) have also been found to be
stimulated by stress and play important roles in stress
responses. Furthermore, it is now well-known that POMC
processing and production as well as the release of its
4products- ACTH and J3-endorphin, in both anterior and
intermediate lobe of pituitary, are induced by stress (Akil et
al, 1986). This results in the elevation of the level of
these two important hormones in the body.
51.2 Adrenocortlcotropin (ACTH)
Adrenocorticotropin (ACTH) secreted from the pituitary
gland of mammals stimulates the adrenal cortex to produce
corticosteroids. Although it is a peptide with 39 amino
acids, its ability to stimulate adrenocortical tissue resides
only in the first 24 amino acids at the N-terminal of the
molecule (Schwyzer et al 1971).
1.2.1 ACTH works in various tissues of the body
Although ACTH was traditionally regarded as a hormone
secreted from the pituitary gland, adrenocorticotropic
activities were recently found in many extra-pituitary tissues
(Salto et al, 1983). Tissues including the pituitary, brain,
placenta, lung, spleen, adrenal, gonads, and pancreas (LeRoith
et al, 1986) have already been proposed to be possible sites
of ACTH production. The presence of ACTH in mouse spleens
(Smith et al, 1982) and human leukocytes (Meyer et al, 1987)
suggests a possible direct action of the hormone on the immune
system. Furthermore, its precursor, POMC, and even the mRNA
of POMC, were found in tissues such as the adrenal medulla.
thyroid, thymus, lung, duodenum, hypothalamus (Jingami et al.
1984 Steenbergh et al, 1984) and testes (Chen et al, 1984:
Pintar et al, 1984), indicating a possible local synthesizing
system of ACTH in these extra-pituitary tissues. Besides
stimulating the adrenal cortex, ACTH also affects the
6functions of other tissues (Acker et al, 1984 Armario et al,
1986). However, the actual physiological roles of ACTH in the
various extra-pituitary tissues remains to be elucidated.
1.2.2 ACTH Is found in various organisms
The amino acid sequence of ACTH is highly conserved
among the various mammalian species studied. Even in the C-
terminal which was originally thought to be variable from one
mammalian species to another only two positions, 31 and 33,
show heterology among porcine human ox, and sheep (Lowry et
al, 1977). Furthermore, ACTH isolated from dogfish was found
to have a structure similar to that of the mammals (Lowry et
al, 1974), indicating that the peptide may have a role in
lower vertebrates. Recent studies even indicate its existence
in some multicellular invertebrates (Kaloustian, 1986: LeRoith
et al, 1986) and unicellular organisms (LeRoith et al, 1982).
These findings suggest that ACTH may play a role in many lower
animals.
71.3 Endogenous opioid peptides
The history of endogenous opiate peptides started when
the two pentapeptides, methionine- and leucine-enkeohalins.,
referred to as naloxone reversible activity. were discovered
(Hughes, 1975). In the following year, a larger endogenous
opiate, 13-endorphin, was discovered (Graf et al, 1976 Cox et
al, 1976). Up until now, three opioid peptide gene families.
have been discovered. They are the POMC family giving
endorphin and other three endogenous opioid peptides the
proenkephalin family giving met- and leu-enkephalins and other
thirteen and the prodynorphin family giving eight more
dynorphin-related opioid peptieds (Kitchen, 1985).
1.3.1 oplold receptors
Opioid peptides exert their various functions through
three different types of opioid receptors: and k.
Different families of opioid peptides show different
preferences to different receptors (Hughes J. 1984). However,
it has been suggested that there exist at least four, or even
five, types of opioid receptors either with separate or with
common genetic entities (Yaksh and Noueihed, 1985). If the
subtypes of u-receptor (Pasternak and Wood, 1986) and k-
receptor (Sanchez-Blazquez et al, 1984) are also counted, the
total number of opioid receptors will be pushed up to seven.
The biochemical natures of these receptors are still not fully
8known although a k-receptor with a molecular weight of 400000
(Itzhak et al, 1984) and a u-receptor with a molecular weight
of 58000 (Cho et al, 1986) were claimed to have been purified.
1.3.2 Qpioid peptides work in various tissues of the body
1.3.2.1 Neuronal functions of opioid peptides
The neuronal functions of opioid peptides are rather
complicated. The function of opioid peptides as neuro-
modulators or neurotransmitters in the neuronal communication
has been proposed (Zieglgansberger, 1984). Besides their
analgesic effects, the actions of endogenous opioid peptides
were found to be correlated to other neurotransmitters such as
acetylcholine, catecholamines, serotonin, and Y-amino-butyric
acid (Oliverio et al, 1984). Behavioral studies have
indicated that opioids also play a role in sleep. tolerance,
learning, and memory (Oliverio et al, 1984). opioids also
affect the functions of peripherial tissues such as motor,
cardiovascular, gastrointestinal, and bladder functions
through the spinal cord (Yaksh and Noueihed, 1985).
1.3.2.2 Physiological functions of opioid peptides
The physiological functions of opioids are in fact very
complicated as reflected in the multiplicity and hetero-
geneity of opioid peptides and receptor systems. As endo-
genous opioid peptides have a widespread but differential
distribution in the body, a term, endocrine-like opioid
systems (Millan and Herz, 1985), was introduced to discr ibe
9their various physiological functions. They not only affect
the secretion of all the pituitary hormones through the
hypothalamic-pituitary axis (Millan and Herz, 1985), but also
many other peripheral organs such as the adrenal gland,
pancreas (Millan and Herz, 1985), heart (Akil et al, 1984) and
even the immune system (Husband et al, 1987). However, the
stimulatory effects of I3-endorphin on human lymphocyte natural
killing function was found to be not so potent as its non-
opioid fragments (Kay et al, 1987). The detailed discussion
of the physiological functions of opioid peptides in various
peripheral tissues will be discussed in subsequent chapters.
1.3.3 Opioid peptides are found in various organisms
As in the case of ACTH, opiate peptides have a wide-
spread distribution in different organisms. Recent findings
have also reported the existence of I3-endorphin (LeRoith et
al, 1982 Pestarino, 1985), the opiate derived from PGMC which
is also the precursor of ACTH, and enkephalin (Georges and
Dubois, 1984), the opiate derived from pro-enkephalin, in
inverterbates. Furthermore, opioi.d peptides were also found
in higher plants such as wheat (Zioudrov, et al 1979). The
three oploid precursors and their mRNAs were also discovered
in different tissues of some species (Schwartz and Costa.
1986), implying the possibility of their synthesis in
peripherial tissues.
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1.4 The new endogenous opiates: non-peptide opiates
The discoveries of morphine in bovine brain and adrenal
gland (Goldstein et al, 1985) and toad skin (Oka et al, 1985)
have aroused an interest in examining the possibility of
existence of endogenous nonpeptide opioids. Recently, it was
also found in human cerebrospinal fluid of normal subiects at
a concentration comparable to that of endogenous opioid
peptides (Cardinale et al, 1987). Administration of inter-
mediates of morphine biosynthesis isolated from plants to rat
tissues resulted in an increase in morphine level (Donnerer et
al, 1986) implying the presence of an endogenous synthetic
system for morphine in animals. Perhaps these findings may
change the whole view on the endogenous opioid system in the
future.
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1.5 Strategy of study
In this thesis, the existence of corticotrooi.n-like
peptides was examined by a steroidogenesis assay using
isolated rat adrenal cortical cells. An opiate receptor
binding assay using fresh rat brain membrane was applied for
the detection of the opiate receptor binding activity. Annonq
the major endogenous opioid peptides, -endorphin is the only
one derived from POMC. Thus a -endorphin RIA was applied for
the detection of the presence of this particular opioid
peptide as a further exploration of the nature of the material
that possesses opiate receptor binding activity. As two
different binding assays, opiate receptor binding assay and -
endorphin RIA, were applied In this investigation, most. of the
results from the opiate receptor binding assay will be
presented in tables whereas those of !3-endorphiri RIA will be
in graphs to prevent any possible confusion of the results
derived from the two assay systems.
The samples tested were obtained from vertebrates in
great diversity involving mammals, birds, reptiles, fishes and
finally the cyclostome, the most primitive vertebrates in the
modern world. Then the results in this thesis will indicate
the existence of ACTH and endogenous opiates through out the
Phylum Chordata or more strictly, Subphylum Vertebrata. As -
endorphin and ACTH are POMC-derived peptides, the co-existence
of opiate (and perhaps )-endorphin) and ACTH activities in the
same tissue may suggest a possible existence of POMC and/or
12
its processing system in these tissues. However, the chance
of the opiate-like material found in the opiate binding assay
to be the smaller opiates such as enkephalin, dynorphin, or
even morphine-like nonpeptides cannot be ruled out since the
more complicated the regulatory molecule, the lower the
opportunity we could find it in simpler vertebrates.
In later chapters, the tissues studied and the methods of
assay will be discussed first as a reference (Chapters 2 3).
subsequent chapters (Chapters 4- 8) will deal with the
results obtained from various vertebrates in an order tracing
back from the most complicated mammalian tissues down the
phylogenetic tree of vertebrates (Young, 1983a) to the
simplest vertebrate, each with a discussion on the findings in
that particular tissue. After that, the results will he
summarized in chapter 9 with a tissue-oriented approach for
comparing the same tissue from different vertebrates.
Finally, the thesis will end up in a general discussion on the





Male Sprague-Dawley rats weighing 180 am-- 200 am,
originated from Charles River Laboratory (Japan) and main-
tained on Purina Chow and water, were used for opiate receptor
binding assay.
Male Sprague-Dawley rats, weighing 400 gm- 450 gin,
originated from Charles River Laboratory (Japan) and main-
tained on Purina Chow and water, were used for hormone-induced
steroidogenesis assay.
2.2 Materials
All the reagents and chemicals used were of analytical
grade or the best quality available. The suppliers of the
chemicals used are listed in table 2-1.
14
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Chapter 3 ASSAY SYSTEMS
3.1 Hormone-induced steroidogenesis
3.1.1 Pr i nciole of bioassay of steroidogen is activity
The adrenal cortex is divided into three zones.
zona glomerulosa, zona fasciculata, and zona reticularis. The
outer zona glomerulosa is chiefly concerned with biosynthesis
of the mineralocorticoids whereas the two inner zones are
stimulated by adrenocorticotropin (ACTH) to secrete gluco-
corticoids. In the rat, the glucocorticoid secreted by the
two zones is corticosterone instead of cotisol which is
secreted by the human adrenal cortex.
In our assay system, the steroldogenic activities of
unknown samples were measured in terms of the amount of
corticosterone generated after the sample had been incubated
with dispersed rat adrenal cortical cells containing the two
glucocorticoid producing zones.
3.1.2 Method of steroidogenesis assay
3.1.2.1 Isolation of rat adrenal decapsular cells
Adrenal cells were prepared by the method of Li (Li et
al, 1982) with minor modifications. Male Sprague-Dawley rats
weighing 400-450 gm (about thirteen weeks old) were sacrificed
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by cerivical dislocation. Adrenal glands were ca etully
removed and trimmed free of fat. The capsules consisting
mainly of glomerulosa cells were separated from the inner
zones made up mainly of fasciculata and reticularis cells.
The decapsulated glands were minced and suspended in
freshly prepared Krebs-Ringer buffer (1 ml/gland) containing
collagenase (sigma type II, 3 mg/ml), D-glucose (2 mg/ml) and
bovine serum albumin (Sigma fraction V, 4 mg/ml) in poly-
propylene culture tubes. The tubes were then saturated with
95% 02- 5% C02 and incubated in a Dubnoff metabolic shaker at
37 OC with gentle shaking (65-75 cycles/min) for 1 hour.
The tubes were then allowed to stand upright until the
tissue had settled. The incubation medium, which was the
fresh Krebs-Ringer bicarbonate buffer containing 0.4% bovine
serum albumin, 0.2% D-glucose and 0.1% lima bean trypsin
inhibitor (Sigma), was then added (0.5 ml/adrenal) and the
adrenal cells were dislodged from the tissue by repeatedly
drawing the suspension into and out of a Pasteur pipette. The
pieces of tissue were then allowed to settle and the super-
natant containing the dispersed cells was collected and
filtered through four lavers of cheesecloth. The procedure
was repeated at least twice to ensure completeness of cell
dispersal. The cell suspension was centrifuged at 50 g for 5
minutes at room temperature in a MSE GF-8 centrifuge. The
supernatant was removed by aspiration and the cells were re-
suspended in the same volume of incubation medium, washed
twice and then the cell concentration was adiusted to about
300,000/ ml.
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3.1.2.2 Incubation of dispersed adrenal decapsular cells with
test samples
Aliquots of the cell suspension (180 ul contain about
54,000 cells) were transferred to polypropylene culture tubes
containing a solution of the sample to be assayed so as to
make up a final assay volume of 200 ul. The tubes were then
incubated at 37 oC for 2 hours under an atmosphere of 95% 02:
5% C02 with moderate shaking in a Dubnoff metabolic water
both. At the end of the incubation, the tubes were frozen in
-20 oC freezer until determination of corticosterone concen-
tration by radioimmunoassay.
3.1.2.3 Corticosterone RIA
Corticosterone was measured by radioimmunoassay using a
rabbit anti-corticosterone serum. Corticosterone standards
and samples from the steroidogenesis assay were diluted with
tris buffer (0.05 M tris HC1 buffer with .01% bovine serum
albumin). The sample/standard (100 p1) was then incubated
with 100 µl of 40,000 dpm of 1,2,6,7-1 3H1-corticosterone
'(Radio-chemical Center, Amersham) and 200 pl of diluted antl-
corticosterone serum at 4 oC for 16-24 hours.
At the end of incubation, 0.5 ml of an ac.tiviated
charcoal suspension (0.25% Norit A and 0.25% Dextran T-70 in
0.05 M tris HC1 buffer, pH 7.4) was added to each assay tube.
After vortexing and standing on ice for 10 minutes, the tubes
19
were centrifuged at 4600 g for 10 minutes at 4 oC in a Beckman
J2-21 centrifuge. An aliquot of 0.5 ml of the supernatant was
mixed with 3.5 ml scintillant (12 gm PPO: 1.2 gm POPOP: 2
liters toluence: 1 liter triton X-100) and counted in a
Beckman liquid scintillation counter (LS 1801) after vortex-
ing. The rate of steroidogenesis is reported as the amount of
corticosterone produced per hour per 25,000 adrenal decapsular
cells.
3.1.3 Establishment of steroidoQenesis assay system
3.1.3.1 Standard curve of corticosterone RIA
When rat decapsular adrenal cells were incubated with
ACTH (section 3.1.2.2), corticosterone production in the cells
was stimulated. To determine this stimulation of steroid
production, the method used was radioimmunoassay for cortico-
sterone (Li et al, 1982). Figure 3-1 presents a typical
displacement curve of H-corticosterone using an anti-
corticosterone serum purchased from Miles. As shown in figure
3-1, this assay could detect corticosterone within the range
of 100 pg to 10 ng per tube and hence the amount of cortico-
sterone produced by the decapsular adrenal cells could be
accurately measured.
3.1.3.2 Selectivity of the steroidogenesis assay system
A response curve of rat adrenal decapsular cells to
ACTH was shown in figure 3-2. A dose dependent response was
observed in the dose range of 4 X 10-11 H to 4 X 10-9 M beyond
Figure 3-1
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which the response leveled off. Besides ACTH and its analogs,
other hormones known to have corticosteroi(jogenic activity
were ac-MSH and /3-MSH but at dosages much higher than that of
ACTH (Li et al, 1982). The effects of diverse peptides on
steroidogenesis were investigated and the results were
summarized in Table 3-1. It was shown that these peptides
were inactive in rat adrenal decapsular cells even at very
high concentrations.
It has been demonstrated previously that many other
hormones lacked steroidogenic activity (Savers, 1977: Rafferty
et al, 1983). A mixture of the first thirteen amino acids of
the ACTH molecule induced no steroidogenic response (Sayers,
1977). Although hPTH (human parathyroid hormone) has some
effect at much higher concentration due to its sequence
homology with ACTH, the case is not also true for PTH from
other lower species (Rafferty et al, 1983). Serotonin and
potassium are known to be factors that stimulate adrenal
cortex to secrete corticosteroids. However. potassium and
serotonin were found to have no effect on corticosterone
output from decapsular cells of rat adrenals Inspite of their
stimulatory effect on capsular aldosterone and corticosterone
(Hauing et al, 1970).
As a concluding remark, the steroidogenesi.s assay
used in this thesis appeared to be a very sensitive and
specific assay for ACTH and its related hormones.
23










1.74 t 1.64Leu-enkephal in 10.0
UDMet-enkephalin 10.0
0.47± 0.091.0VIP
Values represent mean± S.E.M. of triplicate determinations.
VIP: Vasoactive intestinal peptide
UD: Undetectable-'
^: p 0.001 compared with control
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3.2 opiate receptor binding assay
3.2.1 Principle of opiate receptor binding assay
Immunohistochemical studies of endogenous opioid peptides
have found that the three opiold peptide families are widely
distributed in the rat brain, including the brain stein but not
the cerebellum (Watson et al, 1984). In the rat bra i.n homo-
genate, opiate receptor binding is enriched in the synap-
tosomal fraction which contains primarily pinched-off nerve-
ending particles (Pert et al, 1974), although some activities
are found also in the nuclear and microsomal fractions.
In the assay, D-alas-D-leu5-(tyrosyl-:3,5-f3Hl)enkeph.3lin,
,abbreviated as DADLE, was used to compete with the unknown
samples for the specific opiate receptors on the rat brain
synaptosomal membrane. The ability of the unknown to displace
DADLE from the membrane was used as an index of its opiate
activity. The extent of displacement was indicated by the
amount of radioactivity of DADLE left on the membrane after
incubation.
3.2.2 Method of'oaiate receptor binding assay
3.2.2.1 Preparation of the synaptosomal fraction from rat
brains
The method of membrane preparation follows that of
25
Ferrara et al (1979) with slight modifications. Male Sprague-
Dawley rats weighing 180-200 gm (about six weeks old were
decapitated and their brains rapidly removed and placed in
chilled 0.32 M sucrose solution after removal of the
cerebellums. The brains were then homogenized in 20 volumes
of ice-cold 0.32 M sucrose solution by using a Polytron tissue
disruptor (setting 4 for 20 seconds). The homogenate was
centrifuged at 1000 g at 4 OC in-a Beckman J2-21 centrifuge
for 10 minutes to spin down the nuclear fraction. The
supernatant was recentrifuged at 10,000 g at 4 oC for 30
minutes. The supernatant containing the microsomal fraction
was discarded and the pellet washed twice with 20 volumes of
fresh tris-HC1 buffer. It is suggested that the synaptosornal
fraction be used immediately or stored at -20 oC for not more
than a few days.
3.2.2.2 Displacement of DADLE by unknown or standard from
synaptosomal membrane
The prepared synaptosomal membrane was weighed and
resuspended in 5 volumes (v/w) of 0.05 M tris HC1 buffer (pH
'7.4) at 4 C. The membrane (200 pl) was added to polystyrene
tubes containing 100 µl opiate standard or samples, 100 1.11
..protease inhibitor (bacitracin 0.5 mg/ml and trypsin inhibitor
0.5 mg/ml), and 100 Al DADLE, all in 0.05 M tris buffer. pH
7.4). After incubation at 4 oC for 16-24 hours, the reaction
was stopped by filtration under low vacuum through glass fibre
filters (Whatman GF/B). The tubes were washed twice and the
filters once with 3 ml portions of ice-cold tr is-HC1 buffer.
.The filters were placed in scintillation vials and 5 ml of
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scintillant (12 gm PPO and 1.2 gm POPOP in 2 litres toluene
and 1 liter triton X-100) was added to each vial. After
standing for at least half an hour, t ie radioactivity was
measured by a Beckman liquid scintillation counter (LS 1801).
The opiate receptor binding activity is computed as the
percentage of DADLE bound to the brain membrane.
3.2.3 Establishment of opiate binding assay system
3.2.3.1 Opiate receptors in rat brain
It is now believed that there are at least three and may
be seven different types of opiate receptors (Yaksh and
Noueihed, 1985 Kitchen, 1985). The distribution of
endogenous opioid peptides in the rat brain has now been well-
mapped out. Although a-11 the three ma l or farm l ies (POMC, pro-
enkephalin and prodynorphin section 1.3) are found in the rat
brain, they exist as distinct-opiate systems (Watson et al.
1984), which probably play different physiological roles.
However, only the u-receptor has been extracted from the rat
brain (Cho et al, 1986).
3.2.3.2 Selectivity of the opiate receptor assay system
Each endogenous opiold peptide has its own selectivity to
different types of opiate receptors (Hughes, 1984), e.g. B-
endorphin prefers u- and d-receptors, met- and leu-enkephalins
prefer to u-receptors but dynorphins prefer k-receptor but
not the other two. The radioactive molecule, DADLE, a leu-
enkephalin analogue, was used in the opiate receptor binding
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as the ligand. As its natural analogue, DADLE prefers to bind
-receptors so our assay system is in fact established to test
the presence of opioid peptides with 6-preference in tissue
extracts and chromatographic fractions.
Other opioid peptides including B-endorphin, dvriorphin
(1-13) and met-erikephalin, were also tested by the same
method. The resulting competition curves could all be well
fitted into the single site model as shown in figure 3-3 and
the Kd values of them were found to be quite different from
one another as listed in table 3-2. As predicted, the opioid
of the enkephalin familis, leu- and met-enkephalins, were
found to be more potent than B-endorphin and dndorphin in the
displacement of DADLE from its binding sites indicating
different receptor systems for them.
Figure 3-3 shows a displacement curve of DADLE by leu-
enkephalin. It was a mono-component saturable binding curve
with an apparent Kd of 29.0 nM Indicating that DADLE was
displaced apparently from a single type of binding sites.
Since peptide bonds involving amino acids of the D-
configuration are very unlikely to be broken by common
peptidases, the displacement of DADLE by tissue extracts or
fractions are unlikely to be due to the degradation of this
labelled peptide by enzymes present in the trissue extracts or
fractions. However, protease inhibitors such as bracitracirt
and trypsin inhibitor were still added to deactivate any
possible protease activities.
Figure 3-3
Inhibition of 13H1 DADLE binding to rat brain membranes by
met -enkephalin( 1), -leu-enkephalin( 2), -endorphin( 3
















Anarent Kd values of opiates for DADLE bindingTable 3-2.







3.3 13-Endorphin radioimmunoassay (RIA)
The high specificity of antibody can be used to
distinguish among individual opioid peptides which are
indistinguishable in the opiate receptor binding assay. B-
Endorphin but not any other opiold peptide was chosen as the
hormone to be studied because it shares a Cominor
precursor, POMC, with ACTH in higher vertebrates. The
presence of both B-endorphin and ACTH in the same tissue will.
give an insight into the presence of a possible local
syntheszing system.
3.3.1 Principle of B-endorphin RIA
The assay makes use of the competitive binding between
the (3- f 125 I 1 iodotyrosy127) I3-endorphin (human) and the test
material to the I3-endorphin antiserum (raised in rabbit). The
amount of B-endorphin immunoreactivity was calculated from a
standard curve constructed using human B-endorphin. The
radioactive r3-endorphin used has been proved to hind to rat
brain synaptosomal membrane and displaced by unlabelled
peptide.
3.3.2 Method of B-endorphin RIA
The assay buffer used in the B-endorphin RIA was a
phosphate buffer consisting of 50 mM sodium phosphate, 0.2%
bovine serum albumin (BSA), 10 mM EDTA, 2 mg/100 ml trypsir
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inhibitor and 0.01% thimerosal. The resulting solution was
adjusted to pH 7.4. The volume of the test sample was made
up to 600 p1 in the assay buffer. The standard curve
was constructed with a serial dilution of human B-endorphin, in
600 ul. Then 100 p1 of antiserum (Amersham's code N.1621)
of 13-endorphin was added into each tube except the blank to
which 100 µl of assay buffer was added. The tubes were
then incubated for 24 hrs at 4 OC before the 100 ul of 3-
(1 25 I l iodotyrosyl 27 )B-endorphin (30,000 dpm/ml, Amersham)
was added. After that, the solution was incubated for
another 24 hrs at 4 oC. After the incubation, a suspension
of 500 pl activated charcoad solution (1.0 gm Norit A and 0.1
gm dextran T-70 in 50 ml assay buffer stirred for at
least 30 minutes at 4 oC just before use) was added to each
tube which were then centrifuged at 4000 g for 10 minutes
after vortexing and standing for five minutes at 4 OC. An
aliquot of 10 ml of supernatant (containing the bound
hormone) was taken and counted in a Y-counter for 120
seconds. The results are calculated as the percentage of
[125I]B-endorphin bound to the antiserum.
3.3.3 Estab1ishment of the B-endor2hin RIA system
3.3.3.1 Standard curve of B-endorphin RIA
The standard curve of B-endorphin RIA using standard
human B-endorphin is shown in figure 3-4. It looks much like
the one in corticosterone RIA (figure 3-1). The percentage
binding of sample was calculated by the same method and the
amount of B-endorphin immunoreactivity in the sample was
Figure 3-4













obtained directly from the standard curve of 13-endorphin.
3.3.3.2 Selectivity of the -endorphin RIA
The specificity of the -endorphin RIA is contributed by
the antibody used in the assay. Trypsin inhibitor and
thimerosal were added to the assay medium to inhibit any
proteolytic activity present in the sample and thus minimize
any intereference due to the effects of proteases. Some
other opioid peptides have been tested in the RIA system and
the result was shown in table 3-3. We can see from the table
that the RIA system is rather specific to 13-endorphin but the
contribution of B-lipotropin (a-LPH) cannot be ignored. This
can be explained by the fact that /3-LPN is the precursor of
endorphin and thus possesses the whole sequence of -
endorphin. Then, although to a less extent, -LPH can also
displaces the labelled 13-endorphin from the antiserum.
As no single immunodetection. method of 13-endorphins is
believed to be sufficient (Bayon et al, 1983), the -endorhpin
RIA was used as a complementary assay method for opiate
receptor binding assay in this investigation for the
exploration of -endorphin-like immunoreactivity.
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13-Endorphin immunoreactivity of various peptidesTable 3-3,








Values represent mean± S.E.M. of triplicate determinations.
UD: Undetectable
: p < 0.001 compared with control
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Chapter 4 DATA AND RESULT FROM CLASS MAMMALIA
- Hearts. pancreas and testes from various
mammalian species
As discussed in Chapter 1, opiates and ACTH have been
found in many different mammalian tissues (section 1.2 1.3)
besides pituitary and brain, ACTH and endogenous opioid
peptides are widely distributed in different organs of various
mammalian species. In this thesis, the tissues of some
mammals were studied to investigate the presence of ACTH- and
opiate-like activities.
4.1 Mammalian hearts
4.1.1 Introduction- ACTH and opiates in rodent hearts
Studies had been conducted by different groups to search
for ACTH and endogenous opiates in the hearts of Rodentia.
The existence of immunoreactive ACTH (Saito et al, 1983) and
dynorphin (5pampinato and Goldstein, 1983) In the rat heart,
and met- and leu-enkephalin (Lang et al, 1983) in the guinea
pig heart have been reported. In this chapter, two other
mammals in Rodentia- the gerbil and the hamster, were studied
together with the rat and the guinea pig to see whether the
case is the same for all of them. The opiate receptor binding
assay and the /3-endorphin RIA were used to monitor opiate-like
activity in the chromatographic fractions.
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4.1.2 Materials and methods- extraction of rodent hearts
4.1.2.1 Extraction of rat hearts
The protocol for the extraction of rat hearts is shown in
figure 4-1. Rat heart acid acetone powder (AAP) was first
prepared from rat hearts and then the AAP was loaded on a
carboxymethyl (CM)-cellulose column.
4.1. 2. 1a Preparation of acid acetone powder (AAP) of rat heart
The hearts were collected from adult rats after scrificed
by cervical dislocation, and stored forzen at- 70 OC until
use. First, the hearts were rinsed in 0.9% saline at 4 OC
to remove blood. The tissues were then cut into pieces and
extracted with 2 vol. (w/v) of a mixture of acetone-water-HC1
(600: 75: 15) in a blender at 4 °C. The resulting mixture
was stirred overnight. After centrifugation at 10,000 a for
30 min. at 4 °C, the supernatant was saved and the pellet was
re-extracted with 1 vol. of 80% acetone. The extract was then
stirred for 30 min. After centrifugation at 10,000 g for
another 30 min. at 4 °C, the supernatants from the two
centrifugation steps were pooled and added with stirring to 5
vol. (v/v) of acetone which had been chilled at 4 oC for at
least 24 hr. The final mixture was again allowed to stand
overnight. The precipitate was collected on a circle of
Whatman No. 1 filter paper, washed twice with prechilled
acetone and dried under vacuum. After lyophilization, the
product, known as acid'acetone powder (AAP), was kept at -200C
Figure 4-1 Extraction and purification of ACTH-like and
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until further processing.
4.1.2.lb Purification of rat heart AAP by ion-exchange
chromagraphy
Rat heart AAP was c1is olved in 10 ritM aiIimoniurii acetate (pH
4.6) and sublected to ion-exchange chromatography on a
carboxymethyl(CM)-cellulose column. After the unadsorbed
material had been eluted, the column was further eluted with
combined ionic (10 mM- 0.5 M) and pH (4.6- 7) gradients
established with ammonium acetate to recover the adsorbed
materials based on their ionic properties. Finally, 2.5 M
ammonium hydroxide was used to elute any strongly adsorbed
material left on the column. The absorbance of the effluent
was measured at 280 nm. one unadsorbed fraction and five
adsorbed fractions were obtained. The elution profile is
shown in figure 4-2. The fractions were lyophilized and
stored at -20 OC until assay for steroidogenic and opiate
receptor binding activities.
4.1.2.2 Extraction of hamster and guinea pig,hearts
The protocols for the extraction of hearts of the two
mammalian species are shown in figure 4-3, 4-4. The acid
acetone powders (AAPs) of the hearts were first preparated
from the hearts obtained from the two species and then the
AAPs were loaded on a Sephadex G-25 column.
4.1.2.2a Preparation of AAP of hamster and guinea piq hearts
Figure 4-2
Ion exchange chromatography of rat heart AAP on a CM-cellulose
column (1.4 x 36 cm). The AAP (500 am) was dissolved in
starting buffer, centrifuged and the resulting supernatant
applied on column. Fraction size= 5 ml.
Buffer: 10 mM NH4OAc, pH 4.6 (fractions 1-20)
10- 100 mM NH4OAc, pH 4.6- 6.7 (fractions 21-60)
0.1- 0.2 M NH4OAc, pH 6.7- 7 (fractions 61-100)
0.2- 0.5 M NH4OAc, pH 7 (fractions 101-140)
0.5 M NH4 OAc, pH 7 (fractions 141-160)
12.5 M NH4OH, pH 11 (fractins 161-183).
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Extraction and purification of ACTH-like andFigure 4-3
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Extraction and purificationof ACTH-like andFigure 4-4
opiate-like activities from guinea pig hearts
Guinea pig hearts
acid acetone extraction





The AAP of hamster and guinea pig hearts were prepared
with the method used for the preparation of rat heart AAP
(section 4.1.2.1a).
4.1.2.2b Purification of hamster and guinea pig heart AAPs
using gel filtration on Sephadex G-25 column
The heart acid acetone powder (AAP) was first dissolved
in 0.1 N acetic acid and then sublected to gel filtration on
Sephadex G-25 and eluted with 0.1 N acetic acid. The column
effluents of hamster and guinea pig heart AAPs were divided
into four separate fractions (figure 4-5 and 4-6)-according to
the absorbance at 280 nm. The first fraction was eluted at
the void volume and so apparently had a molecular weight of
over 5000. The fractions were lyophilized and stored at
-20 OC until assay for steroldogenic and opiate receptor
binding activities.
4.1.2.3 Extraction of gerbil hearts
The protocol for the extraction of gerbil heart is shown
in figure 4-7. The acid acetone powder (AAP) of the hearts
was first- prepared from gerbil heart. After salt
fractionation, the extract was desalted on a Sephadex G-10
column. After that, a CM-cellulose column was used for
further purification of the resulting fractions.
4.1.2.3a Preparation of AAP of gerbil hearts
The AAP of gerbil* heart was prepared with the method used
Figure 4-5
Gel filtration of hamster heart AAP on a Sephadex G-25 column
dissolved in buffer,(3.5 x 80 cm). The AAP (500 mg) was don column.
centrifuged and the resulting supernatant applied
Fraction size= 4 ml.
Buffer: 0.1 M acetic acid.
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Gel filtration of guinea pig heart AAP on Sephadex G-25 (3.5 x
80 cm). AAP on a Sephadex G-25 column (3.5 x 80 cm). The
AAP (500 mg) was dissolved in buffer, centrifuged and the
resulting supernatant applied on column. Fraction size= 5
ml.
Buffer: 0.1 M acetic acid.
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F I ure 4-7 Extraction and ou ificationof ACTH-like and
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for the preparation of rat heart AAP (section 4.1.2.1a)
4.1.2.3b salt fractionation of gerbil heart AAP
The acid acetone powder (AAP) of gerbil hearts were
dissolved in 27 volumes (w/v) of distilled water and the pH
adiusted to 3. then a 6% (v/v) saturated NaCl solution was
added. After standing at 4°C for 24 -hours, the mixture was
centrifuged at 15,000 g for 15 minutes at 4 oC to remove the
precipitate. Sodium chloride (about 36 gm/ 100 ml) was added
to the supernatant to saturate it with salt. The mixture was
stirred with a magnetic stirrrer until no solid salt was
observed and was then left at 4°C overnight. The mixture was
again centrifuged at 15,000 q for 15 minutes at 4°C and the
pellet was saved and stored at -20°C.
4.1.2.3c Desalting on Sephadex G-10 column
Since the fractions obtained from the salt fractionation
procedure contained a large quantity of salt, it was necessary
to remove the salt from the fractions before further
purification could be attempted. Therefore, a Sephadex G-10
column was used for the purpose of desalting. The fractions
were first extracted with 0.1 N acetic acid and then loaded on
the G-10 column. Three fractions were eluted (figure 4-8).
The first desalted fraction was found to contain opiate
activity but no steroidogenic activity although both
activities were found in the gerbil heart AAP. The second
fraction was loaded on a CM-cellulose column.
Figure 4-8
Guinea pig heart AAP (1.18 g) subjected to salt fractionation
and then desalted on a Sephadex G-10 (3 x 80 cm) column.
Fraction size= 5 ml.
Buffer: 0.1 H acetic acid.















4.1.2.3d Purification by ion-.exchange chromagraphy
The fraction was dissolved in 10 mM alttmoniuCtt acetate (pH
= 4.6) and subjected to ion-exchange chromatography on a CM-
cellulose column. After the unadsorbed material had beers
eluted, the column was further eluted with combined ionic (10
mM- 0.5 M) and pH (4.6- 7) gradients established with
ammonium acetate to recover the adsorbed materials based on
their ionic properties. The absorbance of the effluent was
measured at 280 nm. One unadsorbed fraction and three
adsorbed fractions were obtained. The elution profile was
shown in figure 4-9. The fractions were lyophilized and stored
at -20 C until assay for steroidogenic and opiate receptor
binding activities.
Figure 4-9
Ion exchange chromatography of GB-2 (277 mg) on CM-cellulose
(1.4 x 36 cm). Fraction size= 5 ml.
Buffer: 10 mM NH4OAc, pH 4.6 (fractions 1-12)
10- 100 mM NH4OAc, pH 4.6- 6.7 (fractions 13-35)
0.1- 0.2 M. NH4OAc, pH 6.7- 7 (fractions 36-56)
0.2- 0.5 M, NH4 OAc, pH 7 (fractions 57-82).
0.5 M NH4OAc, pH 7 (fractions 83-93)





























4.1.3 Re3ults: rodent hearts
4.1.3.1 ACTH-like and opiate-like activities in rat hearts
The results of steroidogenic and opiate receptor binding
assays were shown in table 4-1 and table 4-2 respectively.
From 186 gm of rat hearts, 2.66 gm of rat heart acid acetone
powder (AAP) was obtained. The rat heart AAP was found to give
positive results in the opiate receptor binding assay but no
steroidogenic activity was found. However, after the AAP was
subjected to ion-exchange chromatography on 'CM-cellulose
steroidogenlc and opiate activities were found. Nearly all
the resulting fractions of the opiate-like materials were
found to be adsorbed on the CM-cellulose but some
steroidogenic activity was present in the unadsorbed fraction
RH-1.
The results from I3-Endorphin RIA Is shown in figure 4-10.
The unadsorbed fraction (RH-1) was found to contain little /3-
endorphin-like immunoreactivity or opiate receptor binding
activity as shown in figure 4-10 and table 4-2. Examining the
displacement curves in figure 4-10 and the opiate receptor
binding activity results in table 4-2, the relative potencies
of the fractions of rat heart derived from CM-cellulose in the
two experiments were comparable, strongly supporting the
presence of /3-endorphin-like materials that specifically bind
to opiate receptors. (RH-5), the fraction with an especially
high potency in opiate receptor assay was found to be also the
most potent one in the 13-endorphin RIA, indicating that it was
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Table 4-l SteroidoQenic activities of rat heart fractions
eluted from CM-cellulose
Fraction Dose Steroidogenic activity
(ng corticosterone/hr/25,000 cells)(mg)
Control 0.0110 0.003
ACTH 2 (nM) 0.645 0.085
0.0150.667 (nM) 0.001
RN-1 1 0.237 0.065
0.1 0.015 0.003
RH-2 1 0.389 0.092
0.1 0.335 0.279
RH-3 0.1 0.057 0.009
0.01 0.018 0.0-00
RH-4 0.1 0.158 0.014
0.01 0.009 0.005
RH-5 0.1 0.203 0.051
0.01 0.345 0.275
RH-6 0.1 0.241 0.016
0.01 0.018 0.001
Values represent mean± S.E.M. of triplicate determinations.
p 0.005 compared with control
p 0.01 compared with control
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Table 4 2. opiate binding activity of rat heart fractions
eluted from CM-cellulose

























Values represent mean± S.E.M. of triplicate
determinations.
p 0.001 compared with buffer
p 0.005 compared with buffer
(+): The most potent fraction in 13-endorphin RIA
Figure 4-10
Displacement of [12511] -endorphin from 13-endorphin antiserum
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riched in R-endorphin-like materials.
4.1.3.2 ACTH-like and opiate-like activities in hamster hearts
The results of steroidogenic and opiate receptor binding
assays are summarized in table 4-3 and 4-4. From 75.63 gm of
hamster heart, only 0.71 gm of hamster heart AAP was
recovered. After gel filtration on sephadex G-25, the
resulting first two fractions (HH-1 HH-2) which had a
molecular weight of greater than and smaller than 5000
respectively, possessd steroidogenic and some opiate receptor
binding activity. The other two fractions (HH-3,' HH-4) lacked
steroidogenic activity, and there was not enough left for
assay of opiate activity and /3-endorphin RIA. As in the
results of the opiate receptor binding assay, the amounts of
13-endorphin-like immunoreactivity in the two fractions (HH-1
HH-2) were found to be very similar (figure 4-11).
4.1.3.3 ACTH-like and opiate-like activities in guinea pig
hearts
The results are summarized in table 4-5 and table 4-6 and
figure 4-12. Only 0.819 gm of AAP was recoved from 76.83 gm
of guinea pig hearts. The ACTH activity found in the AAP was
split among the four fractions with GP-2 and GP-3 being the
more potent than GP-1 and GP-4. However, the opiate receptor
binding activity in the AAP resided in the three fractions
GP-1, GP-3 and GP-4. Just opposite to the case of rat hearts
(section 4.1.3.1), although fraction GP-2 appeared to have no
opiate receptor binding activity (table 4-6), /3-endorphin-like
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Table 4-3 gteggidogenic activity of hamster heart
fractions eluted from Seoidex G-25
Fraction Dose Steroidogenic activity
(ng corticosterone/hr/25,000 cells)(mg)
Control 0 0.001 o:ooo
ACTH 0.1401.4331 (nM)
0.475 0.0440.5 (nM)
HH-AAP 0.1 0.139 0.014
0.700 0.0070.01
HH-1 0.1 0.328 0.041
0.01 0.031 0.026
HD0.001







Values represent mean± S.E.M. of triplicate
determinations.
ND: Not determined due to insufficient sample
UD: Undetectable
: p 0.001 compared with control
: p 0.002 compared with control
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opiate binding activity of hamster heartTable 4-4.














Values represent mean± S.E.M. of triplicate
determinations.
ND: Not determined due to insufficient sample
p 0.001 compared with buffer
p 0.005 compared with buffer
Figure 4-11
Displacement of (125I) -endorphin from -endorphin antiserum













Table 4-5. SteroidoQenic activity of guinea Dig heart
fractions eluted from Seohadex G-25
Fraction Dose Steroidogenic activity
(mg) (ng corticosterone/hr/25,000 cells)
Control 0 0.515 0.017
ACTH I nM 4.948 0.157
0.5 nM 3.420 0.496
0.05 nM 0.904 0.029
GP-1 1 0.459 0.041
0.1 0.415 0.033
0.01 0.390 0.016
GP-2 1 0.840 0.105
0.1 0.484 0.028
0.01 0.332 0.029
GP-3 0.5 0.669 0.060
0.05 0.455 0.014
0.005 0.372 0.018
GP-4 1 0.275 0.028
0.1 0.352 0.022
0.01 0.373 0.015
Values represent mean± S.E.M. of triplicate
determinations.
p 0.001 compared with control
• p 0.005 compared with control
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Table 4-6. opiate binding activity of guinea pig heart
fractions eluted from Seuhadex G-2



















Values represent mean t S.E.M. of triplicate
determinations.
p 0.001 compared with buffer
p 0.005 compared with buffer
+): The most potent fraction in !3-endorphin RIA
Figure 4-12
Disniacement of[ 125I]-en orohin from B-endorphin antiserum







immunoreactivity was found to. be the most potent in this
fraction (figure 4-12). Fractions GP-3 and GP-4 possessed
both /3-endorphin-like immunoreactivity and opiate receptor
binding activity. There is little opiate receptor binding
activity or /3-endorphin-like immunoreactivity found in the
first unretarded fraction (GP-1).
4.1.3.4 ACTH-like and opiate-like activities in gerbil hearts
The results are presented in table 4-7 and 4-8. The
starting amount of gerbil hearts was 95.72 gm and the
resulting gerbil AAP (1.186 gm) was used for the salt
fractionation step. The first desalted fraction (GB-1),
although having a high opiate receptor binding activity,
lacked steroidogenic activity which was found in the AAP. The
second fraction (GB-2) was then loaded on a CM-cellulose
column and the resulting column effluent was monitored for
steroidogenic activity. Steroidogenic activity was found
only in the first adsorbed (GB-2-C2) fraction with a value
even lower than that of gerbil heart AAP. Due to the low
yield from the ion-exchange column, only the second (GB-2-C2)
and third (GB-2-C3) fractions were tested for opiate receptor
binding activity. Positive activity was found but at a rather
low value compared with the fraction GB-l.
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Table 4-7 Steroidogenic activity of gerbil heart
fictions eluted from Seehadex G-10 and CM-
Fraction Dose Steroidogenic activity
(mg) (ng corticosterone/hr/25,000 cells)
Control 0 0.001 0.000
ACTH 1 (nM) 1.433 0.140
0.4755 (nM) 0.044





GB-2-C2 1 0.064 0.036
0.1 0.002 0.000
0.01 0.006 0.004




Values represent mean± S.E.M.'of triplicate
determinations.
:p<0.001 compared with control
:p<0.005 compared with control
cellulose
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Table 4-8. Opiate binding activity of gerbil heart
fractions eluted from Sephadex G-10 and CM-
cellulose
Experiment 1 Experiment 2
Fractoins Opiate receptor Opiate receptor
Dose binding activity binding activityDose
%Binding(mg) (mg) kBinding
LEU-enk 1.27 0.014 (Hg) 14.7 1.340.046 (Hg) 19.5
9.780.015 (Hg) 29.9 35.2 0.330.005 (µg)




GB-2-C2 0.5 71.1 2.21
0.05 100.0 0.49
0.005 99.2 2.12




Values represent mean t S.E.M. of triplicate
determinations.
ND: Not determined due to insufficient sample
p 0.001 compared with buffer
p 0.005 compared with buffer
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4.1.4 Discussion- mammalian hearts
4.1.4.1 About the various steps in the purification scheme
Various methods such as ion exchange chromatography, gel
filtration and salt fractionation were applied to purify the
hormones from different species. In the case of rat hearts,
CM-cellulose chromatography seems to provide good purification
results although there was a relatively low recovery (figure
4-2). Although sodium ion does not have a significant effect
on k receptor (Cheney and Lahti, 1987), it also .gives a
displacement curve in the opiate receptor binding assay
(Werling et al, 1986). However, it is not adsorbed on CM-
cellulose at low pH. That little opiate-like activity was
found in the unadsorbed fraction from CM-cellulose seems to
support the idea that any sodium ions present in the original
tissue was removed by the acid acetone extraction method which
was applied throughout this thesis.
In inclusion of the salt fractionation step in the
purification scheme resulted in some loss of ACTH-like
activity in the vsdr of' gerbil heart (table 4-7). As a
comparison, the chromatography of guinea pig and hamster heart
extracts on Sephadex G-25 resulted in much better recoveries
and some additional information on the molecular weight of the
active material.
4.1.4.2 About the findings from rodent hearts
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The results indicate that the presence of ACTH-like and
opiate-like activities seems to be universal to the heart
tissues of the rodents studied. This finding is consistent
with the previous studies on other rodent species in which the
identification of the opiate was based mainly on HPLC and RIA
evidence (section 4.1.1). However, the nature of the opiate-
like materials found in the guinea pig heart fractions were
believed to he not the same of that found in rat heart
fractions since the opiate containing fraction of rat heart
possess highest I3-endorphin immunoreactivity while the highest
/3-endorhpin immunoreactivity fraction of guinea heart was
found to be totally inactive in the opiate receptor binding
assay.
ACTH-like material with a molecular weight greater than
and smaller than 5000 were found in the hamster heart
fractions, HH-1 HH-2, respectively. Furthermore, high and
low molecular weight materials with opiate activity were also
found (table 4-4 figure 4-11) and thus suggesting the
possibility of the coexistence of precursor-like material of
opiate and ACTH in hamster heart.
Presence of low molecular weight opiate-like materials in
the guinea pig hearts may indicate the presence of small
opioid peptides such as enkephalin which had previously been
reported in guinea pig heart (Lang et al, 1.983) but a positive
result In the 13-endorphin RIA (figure 4-11) also imply the
presence of 13-endorphin-related peptide. The unretarded peak
from the Sephadex G-25 colulmn (MW 5,000) possessed only low
opiat-like activity.
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4.1.4.3 About the implications of the findings and
perspective
The actual physiological functions of ACTH and opiate in
the heart are still not well-known. It seems that ACTH causes
hypertension (McDongall et al, 1980) with an indirect
mechanism (Biglieri and Kater, 1983) that may involve the
production of prostaglandins (Mason et al, 1984). on the
other hand, endogenous opioid peptides were reported to have
both pressor and depressor effects on blood pressure depending
on the experimental conditions and the type of opiate
receptors involved (Holaday, 1983). It is now believed that
the actions of endogenous opiates are mainly hypotensive
(Akil, 1984) although the actual mechanism may he rather
complicated due to the intrinsic complexity of the endogenous
opiate system in the body. An indirect mechanism through the
authonomic nervous system by the u-receptor (Kiritsy-Roy et
al, 1986) of endogenous opiates on the cardiovascular system
was suggested. Although the cardiodepressant actions of met-
enkephalin was believed to be exerted on the central nervous
system (Eulie and Rhee, 1984) the discovery that -endorphin
reduced both left ventricular systolic and diastolic pressures
(Wong et al, 1985) of the isolated rat heart also suggested a
possible direct mechanism of local opiate and/or POMC-derived
peptides on the heart. The finding of materials with opiate-
like activity in the heart thus adds significance to the
aforementioned observation.
The idea that the heart may function as an endocrine
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gland in the body (Genest, 1985) began with the discovery of a
family of peptides called atrial natriuretic factor (ANF)
(Atlas, 1986). ANF has potent natriuretic, diuretic, and
relaxant activities and is released from atrial cardiocytes
(Genest, 1985). Recently, Y-MSH, a peptide derived from the
N-terminal of POMC (the common precursor of ACTH and 13-
endorphin), was found to share many properties of ANF (Gruber
et al, 1985) and thus a possible relationship between POMC-
derived peptides and the heart functions was suspected.
However, the ACTH-like material is probably not ANF since
although ANF has been found to affect the secretion of
aldosterone from the outer zone of adrenal cortex, it has no
effect on corticosterone production by isolated rat
fasciculata-reticularis cells (Atarashi et al, 1984). Whether
the materials found in hamster hearts bear any relationship to
POMC and to ANF remains to be elucidated. Furthermore, some
of these factors may activate vagal afferents and thus may
alter pain perception (Thoren et al, 1985), indicating a




4.2.1 Introduction- ACTH and opiates in mammalian testes
It was recently found that ACTH directly and specifically
stimulated testosterone secretion by rabbit testes perfused in
vitro (Juniewice et al, 1986). Whether the physiological
significance of this direct action of ACTH on the testes is
related to testicular ACTH (if there is any) or to ACTH of
extra-testicular (such as pituitary) origin remains a
question. However, the Identification of POMC-derived
peptides (Hardin et al, 1984) and mRNA-like activity in the
rat testes (Chen et al, 1984 Pintar et al, 1984) suggests a
Possible local source of ACTH and -endorphin in the testes.
Unlike ACTH, I3-endorphin-like materials have already been
found in the Leydig cells of testes of rodents such as the
mouse, hamster and guinea pig (Tsong et al, 1982) using
immunocytochemical methods and the rat (Margioris et al, 1983)
using radioimmunoassay (RIA). Thus, a role of testicular
Opiates in the regulation of testicular Leydig cell function
in testes was suggested (Gerendai et al, 1984).
The aim of the present investigation was to see if ACTH-
and opiate-like materials were also present in animals other
than laboratory rodents. Thus the bovine testis was chosen as'
an example. Furthermore, only HPLC, RIA and
lmmunocytochemical evidences were provided by previous
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studies. The present investigation was initiated to examine
the existence of materials with biological and radioreceptor
binding activities in bovine testes.
4.2.2 Materials and method- extraction of bovine testes
The protocol for the extraction of bovine testes is shown
in figure 4-13. Acetone powder (AP) of bovine testes (sigma)
was used for the preparation of acid acetone powder (AAP).
The resulting AAP was sublected to gel filtration on a
Sephadex G-25 column.
4.2.2.1 Preparation of bovine testis AAP
Acetone powder (AP) of bovine testes was purchased from
Sigma. It was first heated in 5 vol of a mixture of water.
HCl (21: 1) at 90 oC for 20 minutes. Then 9 ml acetone was
added and the mixture was homogenized with a Polvtron
homogenizer (Setting 4, 15 sec) when kept in ice. The
homogenate was then centrifuged at 15,000 g for 30 minutes.
The supernatant was saved and the pellet was rehomogenized in
another 5 volumes (w/v) of 80% acetone when kept in ice. The
supernatants from the two centrifugation steps were pooled.
The final mixture was allowed to stand at 4 oC for 24 hours
and the precipitate was collected on filter paper (Whatman no.
1). The precipitate was then washed with 50 ml of cold
acetone and lyophilized. The lyophilized material, i.e. the
acid acetone powder (AAP) of bovine testes, was kept in -20 oC
until further purification.
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Extraction and gUr i f scat lonof ACTH-11kC andFigure 4-13
opiate-like activities from bovine testes







4.2.2.2 Chromatographic purification on Sephadex G-25
The AAP of bovine testes was dissolved in 0.1 N acetic
acid and loaded on a Sephadex G-25 column. The effluent was
divided into four fractions as shown on the elution profile
(figure 4-14). The first peak eluted in the void volume and
thus had a molecular weight over 5000.
4.2.3 Results ACTH-like and opiate-like activities in bovine
testes
The fourth fraction (BT-4) of the effluent was found to
have the highest opiate receptor binding activity, followed by
the first one (BT-1) which had a molecular weight over 5000.
The second one (BT-2) was inactive while the yield of the
third fraction (BT-3) was too low to permit assay (figure 4-
15). Steroidogenic activity was also found in the AAP of
bovine testes (table 4-9)
Figure 4-14
Gel filtration of bovine testis AAP (209 mg) on a Sephadex G-
25 column (3.5 x 77 cm). Fraction size= 5 ml.
Buffer: 0.1 M acetic acid.





Opiate radioreceptor binding assay data of Sephadex G-25
fractions derived from bovine testis AAP:























Values represent mean± S.E.M. of triplicate determinations,
p 0.001 compared with control
• p 0.005 compared with control
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4.2.4 Discussion- bovine testes
The presence of endogenous opiates in the testis has been
reported only in several rodents (Tsong et al, 1982: Margioris
et al, 1983). The present study demonstrates the presence of
opiate receptor binding activity in the testis of a large
mammal (bovine). The presence of high opiate receptor binding
activity in both high (BT-1) and low (BT-4) molecular weight
fractions suggested the presence of different types of opiate-
like materials. Whether these materials have any
relationships remains to be studied. The presence of
steroidogenic activity in AAP of bovine testes was also
demonstrated although the steroidogenic activity of the
fractions derived from it was not tested due to lack of
material.
The physiological role of opiates and ACTH in regulating
testicular functions was not well-known. Although ACTH was
found to suppress testosterone release when used at a.
Pharmacological dose (Yrvine et al, 1974), the results of
other groups suggested a stimulatory role of ACTH in the
secretion of testosterone in male rats (Armario et al, 1986),
fetal rats (Warren et al, 1984), pigs (Juniewicz and Johnson,
1984a), rabbits (Pitzel et al, 1984) and boar (Liptrap and
Raeside, 1975). Luteinzing hormone (LH) was found to be not
involved in this stimulation but the contribution of an
indirect mechanism through corticosterolds was suggested
(Juniewice and John, 1984a,b Warren et al, 1984 Armarlo et
Z-1, 1986). However, *the stimulation of ACTH on androgen
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release in the male rabbit was found to be not mediated by
cortisol (Fenske, 1980). Furthermore, it was recently found
that ACTH stimulated testosterone secretion directly and
specifically by perfused rabbit testes in vitro and that there
was no synergism between ACTH and LH in this process
(Juniewice et al, 1986). In contrast, ACTH failed to produce
a similar stimulation of rat testes in the same experiment.
Further considering the observation that ACTH failed to
stimulate testosterone production in the gerbil (Fenske,
1984), the action of ACTH on testes seems to vary from species
to species in the mammals. Hence the physiological role of
ACTH-like activity found here in the bovine testes remains toi
be elucidated.
on the other hand, the actions of endogenous peptides on
the reproductive system have usually been attributed to their
profound inhibitory effects on LH secretion (Briski et al,
1984 Petraglia et al, 1984 Bernasconi et al, 1986) through
the central nervous system and under the influence of gonadal
steroids. However, /3-endorphin-like materials were found in
the Leydig cells of the testes of rodents such as the mouse,
hamster, guinea pig and rabbit (Tsong et al, 1982) using
immuriocytochemical methods and those of the rat (Margioris et
al, 1983) using RIA. Thus a role of testicular opiates in the
regulation of Leydig cell function in testes was suggested
(Gerendai et al, 1984). Furthermore, the discovery of /3-
endorphin and the two enkephalins in human semen (Fraioli et
all 1984) also suggests a local role of endogenous opioid
peptides in the male reproductive. systems. Whether the opiate
activity found here in the bovine testes plays a similar role
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should be studied in the future. The identification of mRNA
of POMC in testes (Chen et al, 1984 Pintar et al, 1984)
suggests a possible local biosynthesis of ACTH and 13-
endorphin. Although opiates and ACTH may play a paracrine
role in the testes, the possibility of ACTH being a by-product
of the biosynthesis of /3-endorphin from POMC cannot be simply
ruled out before the actual significance of ACTH In the bovine
testes is revealed.
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4. 3 1,amma1i an aancreas
4.3.1 Introduction- opiates in mammalian pancreas
The existence of 13-endorphin (Bruns et al, 1979 Watkins
et al, 1980 Houck et al, 1981 Tung and Cockburn, 1984).
enkephalin (Stein et al, 1982 Alumets et al, 1983) in the
pancreas of various mammalian species including rat, human
guinea pig, pocine, fetal bovine, has already been reported.
Dynorphin-like immunoreactivity was also reported in rat
pancreas (Spampinato and Goldstein 1983). In this
investigation, the ovine pancreas was studied to see whether
the existence of these hormones is universal to mammalian
pancreas.
4.3.2 Materials and methods -extraction of ovine pancreas
AAP was prepared from the acetone powder (AP) of ovine
pancreas.using the method described for bovine testes (section
4.2.2.1). After salt fractionation (section 4.1.2.3b), the
material was desalted on a Sephadex G-10 column and results in
five fractions (OP-1, OP-21 OP-3, OP-4, OP-5). The unretarded
fraction (OP-1) was'loaded on Sephadex G-25 and the first
resulting fraction (OP-1-1) was then chromatographed on CM-
cellulose using a combined ionic and pH gradient. The
protocol is shown in figure 4-16. The chromatograms involving
the use of G-10, G-25, CM-cellulose were shown in figure 4-17,
4-18, 4-19 respectively.
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Figure 4-16 Extraction and purification of ACTH-like and
opiate-like activities from ovine pancreas




Ii. Gel filtration on.
Sephadex G-10




Ion exchange chromatography on
CM-cellulose
OP-1-1-C1 OP-1-1-C2 OP-1-1-C3 OP-1-1-C4
Figure 4-17
Gel filtration of fraction derived from ovine pancreas AAP
after salt fraction on a Sephadex G-10 column (2.5 x 78 cm).
Fraction size= 5.5 ml.
Buffer: 0.1 M acetic acid.






Gel filtration of ovine pancreas fraction OP-1 (200 mg) on a
Sephadex G-25 column (3 x 80 cm). Fraction size: 7 ml.
Buffer: 0.1 M acetic acid.
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4.3.3 Results: Opiate-like activities in ovine pancreas
Desalting of ovine pancreas on Sephadex G-10 after salt
fractionation yielded five fractions (figure .4-20). The
ascending half of the first fraction possessed the highest
potency in the opiate radioreceptor assay (figure 4-20).
Although the third (OP-3) and fourth (OP-4) fractions also
possessed some activity, the first fraction (OP-1) was chosen
for further purification on Sephadex G-25 columns due to its
highest yield. Two peaks were obtained from the effluent of
Sephadex G-25 (figure 4-18). The yield of the second peak was
low and so the first peak (OP-1-1) was taken and
chromatographed on CM-celulose. The elution profile is shown
in figure 4-19. The resulting fourth fraction (OP-1-1-C4) had
the highest receptor binding potency while the other three
fractions were by comparison much less active (figure 4-21).
FigUre 4-19
Ion exchange chromatography of ovine pancreas OP-1-1 on CM-
cellulose (1.6 x 35 cm). Fraction size: 5 ml.
Buffer: 10 mM NH4OAc, pH 4.6 (fractions 1-40)
10- 100 mM NH4OAc, pH 4.6- 6.7 (fractions 41-57)
0.1- 0.2 M NH4OAc, pH 6.7- 7 (fractions 58-76)
0.2- 0.5 M NH4OAc, pH 7 (fractions 77-107)
0.5 M NH4HCO3, pH 9 (fractions 108-157).






(M): Molarity of eluent
Figure 4-20
Opiate radioreceptor assay data of ovine pancreas fractions
from a Sephadex G-10 column:












opiate radioreceptor assay data of ovine pancreas fractions























4.3.4 Discussion- ovine pancreas
/3-Endorphin-like. substances extracted from the porcine
pancreas possessed a molecular weight of approximately 7000
(Houck et a], 1981.) while opiate-like substances found in
equine pancreas consisted of material with large (MW 5000)
and low (MW 5000) molecular weight (Hon and Ng, 1986). In
the, present investigation on ovine pancreas, opiate-like
activity was retarded on Sephadex G-25 (MW 5000). As shown
for equine pancreas (Hon and Ng, 1986), the ovine pancreatic
fraction most strongly adsorbed on CM-cellulose had the
highest potency in the opiate receptor binding binding assay
but some activity was also found in the fraction undsorbed on
the ion-exchanger. It is pertinent to note that pituitary 13-
endorphin was found to he adsorbed on CM-cellulose (Li et al.,
1981).
In vivo studies found that opiates induce hvperglvicemia
in normal human, rabbit and rat but cause hypoglycemia in
diabetic patients and dogs (Knudtzon, 1986). Controversal
results were also obtained in In vitro studies: the release of
insulin and glucagon were stimulated secondary to the
inhibition of somatostatin release by /3-endorphin in isolated
perfused dog pancreas (Ipp etal, 1978) but the result was
exactly reverse for insulin and glucagon in isolated perfused
rabbit pancreas (Rudman et al, 1983) where somatostatin
release remained unchanged. However, pancreastic opiates are
believed to affect the pancreatic functions through a
paracrine mechanism although the action differs from species
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to species. A cell-free translation of the mRNA of a human
pancretic tumor yielded POMC and indicated that ACTH and A-
lipotropItt were produced by the tumor from PQMC (Styne et ,a1,
1983).
In the case of pancreatic enkephalin (Stern et al, 1982),
it was found that met-enkephalin inhibited the release of
pancreatic somatostatir, and thus stimulated the release of
insulin (Hermansen, 1983). In vivo studies also found that
the basal release of somatostatin was inhibited by leu-
enkephalln (Schusdziarra et al, 1983) However, it is still
not known whether it is the local enkephalins or the
enkephalins from external neurons that affect the functions of
the pancreas.
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Chapter 5 DATA AND RESULT FROM CLASS AVES
- Pigeon brain
5.1 Introduction- ACTH and opiates in birds
Although mammals are conventionally regarded as more
highly evolved than birds, the two classes, Mammalia and Aves,
actually arose at the same time. However, studies on birds
were relatively few compared with those on mammals. POMC, the
precursor of ACTH and 13-endorphin, together with its mRNA have
been found in the pituitary and brain from various mammalian
species including the rat, bovine and mouse (Civelli et al,
1982 Jingami et al, 1984) indicating a local synthesizing
system of ACTH and /3-endorphin in mammalian brains.
Localization of preproenkephalin (Yoshikawa et al, 1984
Beaumont et al, 1985) and prodynorphin (Jingami et al, 1984)
in mammalian brains has also been reported.
ACTH and !3-lipotropin have been found in the turkey
pituitary (Chang et al, 1980). Studies on the ostrich
pituitary also revealed the presence of ACTH (Li et al, 1978)
and !3-endorphin (Maude et al, 1981). Since no information on-
the avian brain was available, a study on the pigeon brain was
carried out.
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5.2 Extraction of pigeon brain
Pigeon brain acetone powder (AP) was first extracted to
yield acid acetone powder (AAP) (section 4.2.2.1). The
resulting AAP was dissolved in 0.1 N acetic acid and applied
on a Sephadex G-25 column. The resulting column effluent was
pooled into four fractions according to their absorbance at
280 nm (figure 5-1). The fractions were then lyophilized and
stored at -20 oC until assay for steroidogenic-and opiate
receptor binding activities and in a hot plate test.
Figure 5-1
Gel filtration of hamster heart AAP (104 mg) on a Sephadex G-
25 column (3.5 x 80 cm). Fraction size= 4 ml. Buffer: 0.1 M
acetic acid.
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5 .3 Hot plate test
5.3.1 Principle of hot plate test
A hot plate test was carried out due to the unexpected
finding that the AAP of pigeon brains and the fractions
derived from it were inactive in the opiate receptor binding
assay. As the method was not frequently used. in other
investigations in this thesis, it is discussed here.
Opiate activity was measured in terms of analgesic effect in
response to high temperature. If there exists any opiate
material in the unknown sample, the injection of it into the
animal will delay the response of the animal to high
temperature generated from a hot plate. The parameter used as
an index of opiate activity was calculated by dividing the
number of animals which give a delayed response (D) by the
total number of animals tested (T). The resulting value is P
A. (D/T x 100%), then reported as the percentage of analgesia.
5.3.2 Method of hot plat. test
Male ICR mice weighing 20-25 gm were placed individually
on a hot plate maintained at a temperature of 55 ·C. The
response time was reckoned as the time interval between the
landing of the animal on the plate and the moment at which the
animal licked or lifted, its hind paw. Mice which responded
between 10 and 20 seconds were selected for the experiment
described below. The average response time of this group of
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mice and its standard deviation was calculated,
At least 4 hours but no more than 24 hours later, each
mouse received an intraperitoneal injection of either saline,
morphine or a fraction derived from gel filtration of pigeon
brain acid acetone powder on Sephadex G-25. Exactly half an
hour later, the animal was placed on the hot plate and the
response time was noted. Animals with a response time equal
to' or greater than the mean response time calculated
previously were regarded as a delayed response.
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5.4 Results: ACTH-like and opiate-like activities in pigeon
brain
From 339 mg pigeon brain acetone powder, 204 mg acid
acetone powder was obtained. Table 5-1 presents the result of
testing the various G-25 fractions (PB-1, PB-2, PB-3, PB-4)
for steroido-genic activity. Only PB-2 stimulated cortico-
sterone production by isolated adrenal decapsular cells. None
of the fractions showed activity in the opiate receptor assay
when tested up to a concentration of 50 mg/ml. In the hot
plate test, morphine at a dose of 0.5 mg/ml (0.1 mg/animal)
elicited analgesia in 80% of the assay animals. By contrast,
fraction PB-1 at a concentration of 20 mg/ml (4 mg/animal)
Induced only marginal analgesia. Fractions PB-2 and PB-3 were
inactive at the doses tested. A much lower dose had to be
employed because of the lower yields of the fractions (table
5-2).
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Table 5-1 Steroidogenic activities of pigeon brain
fractions eluted from Seahadex G-25
Fraction Dose Steroidogenic activity
(mg) (ng corticosterone/hr/25,000 cells)
Control 0 UD
ACTH 1 (nM) 0.74 0.25
0.3 (nM) 0.35 0.03
0.1 (nM) 0.04 0.001












Values are represented as mean± S.E.M. of triplicate
deteminations.
UD: Undetectable
: p 0.001 compared with control
: p 0.005 compared with control
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Hot plate test of the pigeon brain fractionsTable 5-2,
eluted from Senhadex G-25 for analgesic
activity
































Mean response time+ 3 SD= 15.03+ 8.27= 23.3 (sec)
+) Analgesic effect, response time_ 23 sec.
-) No analgesic effect, response time smaller than 23 sec.
The volume of samples infected was 200 µl/mouse
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5.5 Discussion- pigeon brain
The presence of ACTH-like material with molecular weight
less than 5000 was demonstrated in the pigeon brain. The
failure of the fractions derived from pigeon brain AAP to
displace DADLE in the opiate receptor binding assay or elicit
a delayed response in the hot plate test- could be due to the
absence or the presence of only trace amounts of opiate-like
material in the pigeon brain, especially that specifically
bind to 6- and/or u-receptors. Other possibilities that
cannot be ruled out include the presence of N-acetylated
derivatives which have no receptor binding or biological
activity (Li et al, 1980), the presence of molecules with
substitutions in the sequence by amino acids that result in
little or no activity in the -mammalian recipient, and loss
during purification.
ACTH was found to stimulate the secretion of both
aldosterone (Radke et al, 1984) and corticosterone (Klingbeil,
1985) in birds. Findings from ducks suggest that ACTH
produces similar secretory patterns from the two zones of the
adrenal cortex in birds compared with mammals (Hauing, 1970
Klingbeil, 1985), indicating that the role of ACTH in birds is
very similar to that in mammalian species. Furthermore,
studies in the pigeon revealed a relation of ACTH to exercise.
(Rees and Harvey, 1987) as in mammals. ACTH exerts apparent
effects in cognitive functions such as learning and memory*'in
mammals (Krieger, 1984). Whether the ACTH-like material found
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here in pigeon brain has similar functions remains to be
elucidated. Moreover, as the pars distalis lies apart from
the brain in birds (Kobayashi and wada, 1973), it is not too
likely that the ACTH-like material found in the pigeon brain
originated from the pituitary gland.
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Chapter 6 DATA AND RESULT FROM CLASS REPTILIA
- Snake and turtle
6.1 jntrgdc_n- ACTH and oDiatee In reptiles
The studies on the so-called warm-blooded vertebrates-
-mammals and birds, were described in the last chapter. The
results obtained from the tissues of lower vertebrates will be
discussed in this and the subsequent chapters. Among these
vertebrates, the one that lives on land, the reptile, is
discussed in this chapter. As reptiles do not maintain a
constant temperature, they cannot maintain a highly efficient
nervous system like mammals and also cannot tolerate long-term
vigorous exercise like birds. The standard metabolic rate of
reptile is only 10-20 per cent of that in homeotherms (Bennet
and Dawson, 1976).
Although the phylogenetic order is followed in this
thesis, the case is not also true when considering the amount
of researches in the literature. Studies on ACTH and opiates
in reptile are actually more extensive compared with those on
the birds. POMC-derived peptides have been found in the
lizard (Anolis carolinensis) pituitary (bores and Surprenant,
1984) and brain (bores et al, 1984a) by histochemical methods.
M-Endorphin, the opioid peptide derived from POMC, was found
in the brain of another lizard (Lacerta muralls) by an immuno-
Cytochemical method• (Vallarino, 1986). Recently, pro-
enkephalin was also reported in the brains of all the three
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reptilian subclasses (Lindberg and White. 1986) represented by
lizard, alligator, and turtle. Then the presence of POMC-
related peptides and opiates in the brain and pituitary seems
to be a universal event in reptiles. However, this hypothesis
can only be proved to be right or wrong by research done on
other different reptiles.
In this chapter, The species chosen for study were the
turtle and snake which belong to two different subclasses in
Class Reptilia. The pituitary gland and brain of the snake




6.2.1 Introduction- ACTH and opiates in snake brain
In comparison to mammals and birds, the reptilian. brain
is relatively small, being, at most, 1 per cent of the body
weight (Young, 1983b) and less differentiated (Webster and
Webster, 1974).
Snakes are extremely specialized legless reptiles and
they belong to a different suborder from lizards. Compared
with the lizard, the internal organs of the snake are
completely rearranged to fit to its long and narrow body
cavity (Dough, 1979). Its highly specialized methods of
locomotion and predation reflect a specialized coordination
system in the body. S,o, there is no reason to think that the
case in the lizard (section 6.1) is also applicable to the
snake especially with regard to the brain which coordinates
all the physiological functions of the body. Among the
various snakes, the presence of POMC-derived peptides was
only reported in the brain of the sea snakes, Lapemls
hardwickil and Hydrophis cyanocinctus was, recently (Ng et al,
1986). However, only the crude acid acetone powder was used
in their study and the nature of these hormone-like activities
in the snake brain had not yet been characterized. Hence the
presence of POMC or other opiate precursors in the snake brain
remains a question. In view of this, the present study on the
freshwater snake, Ptyas mucosa, was undertaken.
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6.2.2 Materials and methods- extraction of snake brain
The protocol for the extraction of snake brains is shown
in figure 6-1. First, acid acetone powder (AAP) was prepared
from snake brains. The AAP was then loaded on a Sephadex G-25
column and the resulting fractions were further purified by
ion-exchange chromagraphy on a CM-cellulose column.
6.2.2.1 Preparation of snake brain acid acetone powder (AAP)
The AAP of snake brain was prepared with the method used
for the preparation of rat heart AAP (section 4.1.2.1a).
6.2.2.2 Chromatographic purification of snake brain AAP
The snake brain acid acetone powder (AAP) was first
dissolved in 0.1 N acetic acid and then subjected to gel
filtration on Sephadex G-25 and eluted with 0.1 N acetic acid.
The effluent was divided into three separate fractions
according to absorbance at 280 nm (Figure 6-2). The first
fraction eluted at the void volume and so apparently has a
molecular weight of over 5000. The first two high molecular
weight fractions, which were obtained with a higher yield and
possessed higher biological activities, were then lyophilized
and re-dissolved in 10 mM ammonium acetate (pH= 4.6) and
subjected to ion-exchange chromatography on a.carboxymethyl
(CM)-cellulose column. After the unadsorbed material had been
eluted, the column was further eluted with combined ionic (10
mM- 0.5 M) and pH (4.6- 7) gradients established with
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Ion exchange chromara ohv on
CM-cellulose
SB-2-C4SB-2-C3SB-2-C2SB-2-C1




Gel filtration of snake brain AAP (160 mg) on a Sephadex G-25
column (3.5 x 80 cm). Fraction size= 5 ml.
Buffer: 0.1 M acetic acid.












ammonium acetate in order to recover the adsorbed materials
based on their ionic properties. Again, the absorbance of the
effluent was measured at 280 nm and one unadsorbed fraction
and several adsorbed fractions were obtained The elution
profiles are shown in figure 6-3 and figure 6-4. The
fractions were lyophilized and stored at -20 OC until assay
for steroidogenic and opiate receptor binding activities.
Figure 6-3
Ion exchange chromatography of snake brain fraction SB-1
(302.5 mg) on a CM-cellulose column (1.4 x 36 cm). Fraction
size= 5 ml.
Buffer: 10 mM NH4OAc, pH 4.6 (fractions 1-20)
10- 100 mM NH4OAc, pH 4.6- 6.7 (fractions 21-60)
0.1- 0.2 M NH4OAc, pH 6.7- 7 (fractions 61-100)
0.2- 0.5 M NH4OAc, pH 7 (fractions 100-140)
0.5 M NH4OAc, pH 7 (fractions 141-160).
12.5 M NH4OH, pH 11 (column eluted with one bed
volume of this buffer, profile not recorded)




SB-1-C5. 64 ma. (pool of fractions eluted by NH OH)
(1): pH gradient
(2): ionic gradient







Ion exchange chromatography of snake -brain fraction SB-1
(500 mg) on a CM-cellulose column (1.4 x 36 cm). Fraction
size= 5 ml.
Buffer: 10 mM NH4OAc, pH 4.6 (fractions 1-20)
10- 100 mM NH4OAc, pH 4.6- 6.7 (fractions 21-60)
0.1- 0.2 M NH4OAc, pH 6.7- 7 (fractions 61-100)
0.2- 0.5 M NH4OAc, pH 7 (fractions 101-140)
0.5 M NH OAc, pH 7 (fractions 141- 160).













6.2.3 Results: ACTH-like and oD ate-11ke ctlv1ties in the
snake brain
From 400 gm snake brains, only 5.64 gm of AAP was
obtained. Among the three fractions (SB-1, SB-2, SB-3) eluted
from the Sephadex G-25 column, steroidogenic activity was
observed only in SB-2 (table 6-1) while opiate receptor
binding activity was found in both SB-1 and SB-2 with the
former, the high molecular weight fraction (MW 5000), being
more potent (table 6-1).
Ion-exchange chromatography of SB-1 on CM-cellulose
resulted in five fractions (SB-1-C1, SB-1-C2, SB-1-C3, SB-1-
C4, SB-1-C5). This time, steroidogenic activity was found in
some of the adsorbed fractions as shown in table 6-2 while
opiate. activity was mainly detected in the adsorbed fractions
(table 6-2 figure 6-5). Opiate receptor binding activity
and /3-endorphin immunoreactivity were located in similar
,fractions. In both types of assay, fractions SB-1-C3 and SB-
1-C4 exhibited the highest activity followed by SB-1-C5 and
SB-1-C2 while SB-1-C1, the unretarded fraction, had the lowest
activity. When SB-2 was applied on CM-cellulose, four
fractions (SB-2-Cl, SB-2-C21 SB-2-C3, SB-2-C4) were eluted
from the column. Most of the steroidogenic activity was found
to be localized in the second and third retarded fractions
(SB-2-C3 SB-2-C4) (table 6-3) while opiate receptor binding
activity was found in all the four resulting fractions (table
6-3) with SB-2-C3 being the most potent. Furthermore, only a
very small portion of the ACTH- and- opiate-like activities
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Steroidogenic and opiate activities of snakeTable 6-1
brain fractions eluted from Sephadex G-25



















Values represent mean± S.E.M. of triplicate determinations.
LEK: Leu-enkephalin
UD: Undetectable
: p 0.001 compared with control or buffer
p 0.005 compared with control or buffer
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fractions derived from snake brain fraction: SB-1
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Values represent mean± S.E.M. of triplicate determinations.
LEK: Leu-enkephalin
UD: Undetectable
p 0.001 compared with control or buffer
p 0.005 compared with control or buffer
()3+): Most potent fraction in /3-endorphin RIA
Figure 6-5
Displacement of I125I113-endorphin from /3-endorphin antiserum
by the fractions of CM-cellulose derived from the first















SteroidoQenic and opiate activities of CM-celluloseTable 6-3.
derived from snake brain fraction:,SB-2
Fraction Opiate receptor bindingSteroidogenic activity
activity




ACTH 1 (nM) 1.511 0.082
0.33 (nM) 1.154 0.065
0.551 0.0360.11 (nM)
0.037 (nM) 0.205 0.005
0.0270.012 (nM) 0.080
0.0030.004 (nM) 0.053
LEK 4 (Mg) 16.8 1.34
0.8 (ug) 38.1 3.10
0.16 (ug) 79.0 2.76
0.032 ( g) 104.9 2.99
SB-2-C1 4 0.0000.001 0.5 63.1 3. 26
0.4 0.046 8.80.099 0.05 9.20
SB-2-C2 1 0.055 0.013 0.5 77.9 11 .36
0.1 0.059 0.011 0.05 116.9 2.07
SB-2-C3 0.5 0.608 0.016 0.5 5.8 0.51
0.125 0.569 0.027 0.05 41.0 3.68
0.031 0.105 0.015
0.429sB-2-c4 0.034 2.960.1 0.5 29.2
4. 5592.00.050.023 0.0080.01
Values represent mean± S.E.M. of triplicate determinations
LEK: Leu-enkeohalin
: p 0.001 compared with control or buffer
: p 0.005 compared with control or buffer
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were found in the unadsorbed fractions from the CM-cellulose
column as in previous studies on mammalian species.
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6.2.4 Discussion- snake brain
The results suggest the presence of ACTH-like and opiate-
like activities of various molecular weight and different
chromatographic behaviour on CM-cellulose in the snake brain.
ACTH-like material was also found in the pigeon brain (Chapter
5). It is likely that ACTH is an ancient molecule and present
in the brains of lower vertebrates other than the homeotherms.
High molecular weight ACTH-like and opiate-like materials
(table 6-2) were also found in the snake brain and co-eluted
from the CM-cellulose column (SB-1-C-4). 13-Endorphin-like
immunoreactivity was also found in the high molecular fraction
(SB-1) derived from Sephadex G25. As /3-endorphin and ACTH were
derived. from a common precursor. POMC. in mammals whether
these finding indicate the presence- of any possible precursor
molecule remains to be studied. On the other hand. the nature
of the opiate-like activities of the CM-cellulose fractions
derived from low molecular weight SB-2 fraction have not been




6.3.1 Introducti.on- ACTH and opiates in the snake oituitarv
The studies on the presence of ACTH and opiates in the
snake pituitary are even fewer in number than that on the
snake brain if there is any. The structure of the reptilian
pituitary, compared with those of mammals and avians, has a
more enlarged pars intermedia which secretes MSH, a peptide
derived from-POMC and serves as a colour producer in the body
(Holmes and Ball, 1974a).
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9.3.2 Materials and methods- extraction of snake pituitaries
The protocol is shown in figure 6-6. Two methods have
been applied in preparing snake pituitary to compare their
effectiveness in purification. Method I was similar to the
methods of purifications used throughout this thesis while
method II used a completely different one.
6.3.2.1 Method I
Unlike the case of snake brains, the starting amount of
snake pituitaries available was very.small. Assuming the same
percentage yield, It has been calculated that the resulting
AAP of snake pituitary would have been only about 10 mg if the
usual AAP preparation method (section 4.1.2.1) had been
applied. Thus, an acid extraction method was applied here
instead of a complete acid acetone extraction procedure.
However, for con-venience, the resulting acid extract was also
called AAP. The AAP was then applied to the CM-cellulose
column for ion-exchange chromatographic purification (figure
6-6).
6.3.2.1a Preparation of snake pituitary AAP using acid
extraction method
The snake pituitaries were first rinsed in 0.9% saline at
4 OC to remove blood. The tissues were then suspended in 5 nil
of an acidic medium (1 N acetic acid 0.1 N HC1). The
mixture was heated at 90 oC for 15 minutes. It was there
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opiate-like activities from snake pituitary
Snake pituitaries
Method IMethod II




Snake pituitary AAPPH10 membrane







cooled in ice and homogenized in a blender at 4 0C. The
blender was rinsed with another 5 ml of the same medium to
minimize any loss of sample. The combined (10 ml) mixture was
then centrifuged at 12,000 g at 4 OC for 15 minutes. The
resulting pellet was discarded and the supernatant was
lyophilized. The material (AAP) was re-lyophilized with 1 to
2 ml distilled water before storage in -20 OC until further
processing.
6.3.2.1b Chromatographic purification of snake pituitary AAP
The s-nake pituitary AAP was first dissolved in 10 mm
ammonium acetate (pH= 4.6) and subiected to ion-exchange
chromatography on a CM-cellulose column. As the amount of
sample was very small, step gradient instead of linear
gradient was applied using increasing pH and ionic strength
established with ammonium acetate to recover the adsorbed
materials based on their ionic properties. Finally, a
solution of ammonium hydroxide (0.6 M, pH 10.6) was used to
elute any materials strongly adsorbed on the CM-cellulose
column. The absorbance of the effluent was measured at 280
nm. The elution profile of snake pituitary AAP on CM-
cellulose is-shown in figure 6-7.
Figure 6-7 Snake pituitary AAP on CM-cellulose
Ion exchange chromatography of snake pituitary AAP on a CM-
cellulose column (1.2 x 17 cm). The AAP (71 mg) was dissolved
in starting buffer, centriguged and the resulting supernatant
applied on the column. Fraction size= 3 ml.
Buffer: 10 mM NH4OAc, pH 4.6 (fractions 1-11)
100 mM NH4OAc, pH 6.7 (fractions 12-22)
0.2 M NH4OAc, pH 7 (fractions 23-33)
0.5 M NH4OAc, pH 7 (fractions 33-44)
0.6 II NH4OH, pH 10.6 (fractions 45-55).














As this method was seldom applied in this thesis, it
will not be discussed in detail. The protocol is shown in
figure 6-6. Snake (Ptyas mucosa) pituitaries were homogenized
1n tris-C1 buffer at pH 7.8. The extract was then chromato-
graphed on ConA-Sepharose which adsorbs glycoproteins such as
TSH and gonadotropins. The unadsorbed nonglycoprotein
fraction was then concentrated through PM10 membrane with a
molecular weight cut-off of 10,000. The filtrate (MW
10,000) was then dialyzed using Spectropor dialysis bag with a
molecular weight cut-off of 1000 to remove salt. Finally the
content of the dialysis bag was lyophilized and stored at
-20 C until assay. The resulting fraction is called 'ConA-
Ultra'.
6.3.3 Results: ACTH-like and opiate-like activities in snake
pituitary
In method I (figure 6-6), only 0.074 gm of AAP was
obtained by the acid extraction method from 0.9 gm snake
pituitaries. The effluent from the CM-cellulose was divided
into five fractions (SP-C1, SP-C2, SP-C3, SP-C4, SP-C5)
according to their absorbance at 280 nm. As expected, both
steroidogenic, opiate receptor binding and 13-endorphin-like
activities were found in the AAP and the fractions (table 6-4
figure 6-8) indicating the presence of the two hormones in
pituitary of Pt_vsa•mucosa. Furthermore, the activities of
ACTH obtained was the highest compared with any other
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Steroidogenic and opiate activities of snakeTable 6-4.
pituitary fractions eluted from CM-cellulose














0. 320.018 2.50.5SP-AAP 0.1231
0.021 14.6 1.790.157 0.050.1
0.990.001 54.40.0050.01 0.112
0.0930.1910.001
0.038SP-C1 3. 370.32 0.272 50.00.16
0.0200.101 78.2 3.820.032 0.016
0.038 83.3 1.280.146 0.00160.0032
0.0020.0240.0003
0.550.006 3.00.097 0.5SP-C2 1
2.860.114 0.016 38.70.1 0.05
72.4 2.290.239 0.018 0.0050.01
0.289 0.0720.001
00.064 0.006SP-C3 0.5 0.25
0.107 0.021 9.8 1.180.05 0.025
0.178 36.40.023 2.010.005 0.0025
0.230 0.0320.0005
0.047 0.4 0. 780.010SP-C4 0.1 0.5 (+)
0.114 5.9 0.810.013 0.050.01
0.139 40.20.001 0.055 2. 240.005
0.4470.0001 0.269
0.094SP-C5 0.5 0.026 1.080.5 13.4
0.1130.05 0.023 0.05 42.9 2.81
0.1650.005 0.055 0.005 40.8 2. 46
0.2620.0005 0.039
Values represent mean± S.E.M. of triplicate determinations
LEK: Leu-enkephalin
: p 0.001 compared with control or buffer
: p 0.005 compared with control or buffer
(+): Most potent fraction in /3-endorphin RIA
Figure 6-8
Displacement of [125I]-endorphin from 13-endorphin antiserum
by the fractions of CM-cellulose derived from snake pituitary






6: Standard 13-eridorohin (human)
BINDING
Snake Pituitary fraction from CM-cellulose
(ng)
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fractions mentioned previously (table 6-4). The case is also
true when considering the 13-endorphin-like immunoreactivity
(figure 6-8) of the fractions derived from CM-cellulose. The
presence of most of the activities in the adsorbed fractions
is similar to the results on mammalian species. Fraction SP-
1-C4 exhibited the highest and fraction SP-1-Cl the least,
opiate receptor binding activity and /3-endorphin-like
immunoreactivity. Fraction SP-1-C5 had the next highest
immunoreactivity and fraction SP-1-C3 had lower still
immunoreactivity. Thus it appears that the immunoreactivity
of these two latter fractions did not completely correlate
with their opiate receptor binding activities. In contrast,
fraction SP-1-C2 possessed both high immunoreactivity and
receptor binding activity.
In examining the results obtained from steroidogenic
assay, it is a bit awkward to find that the abilities of the
snake pituitary fractions to stimulate the adrenal decapsular
cells seem to increase as the dose used was decreased (table.
6-4). It is believed that this is due to too high a
concentration of fraction applied in the incubation medium and
thus it disturbed the normal functions of the adrenal
decapsular cells. Hence another dose response test was done
to show the relative potencies of the snake pituitary
fractions at lower dose (figure 6-9).
The ConA-Ultra fraction derived from method II (figure 6-
6) was found to contain a much lower level of opiate receptor
binding activity (table 6-5) and -endorphin-like immuno-
reactivity (figure 6-10) compared with the snake pituitary AAP
Fioure 6-9 Dose response curves of snake and lamorev
pituitary fractions
Standard curve:
Standard Dose Steroidoaenic activity
(nM (Pg corticosterone/hr/25.000 cells)
Control 0 0.001± 0.001
ACTH 10 31.130± 3.268
it 5 25.636± 3.664
of 2.5 25.499± 1.358
it 1.25 9.409± 2.095
0.625 5.002± 0.325
0.3125 0.758± 0.442
Values represent mean± S.E.M. of triplicate determinations
Labels on the figure:
(1) Snake pituitary fraction: SP-C3
(2) Snake pituitary AAP
(3) Snake pituitary fraction: SP-C2
(4) Snake pituitary fraction: SP-C1








0.01 0.1 1 10 100
ug fractions
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ComaisQnof'the activities of the two fractions ofTable 6-5
snake pituitaries (SE5-AAP and ConA-Ultra) obtained
using different extraction method
























a: expt. 1, b: expt. 2
SP-AAP was derived from snake pituitaries using method I
ConA-Ultra was derived from snake pituitaries using method II
Values represent mean± S.E.M. of triplicate determinations,
LEK: Leu-enkephalin
p 0.001 compared with control or buffer
p 0.005 compared with control or buffer
Figure 6-10
Displacement of [125I]-endorphin from 13-endorphin antiserum
by snake pituitary AAP (SP) derived from method I and the
fraction,ConA-Ultra, derived from method II
Labels on the figure:
1: ConA-Ultra
2: Snake pituitary AAP
BINDING
Snake Pituitary extract (from different methods)
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that resulted from the acid extraction method although the
yields of the two extraction methods are close to each other
(8.2% for snake pituitary AAP from method I and 8.8% for ConA-
Ultra from method II). However, high ACTH-like activity was
found in both the two fractions (table 6-5).
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6.3.4 Discussion- snake pituitary
Both methods resulted in a high yield of ACTH activity
but opiate activities (involving binding to receptor and
antiserum respectively) were high only in snake pituitary AAP
which was derived from the method I. This suggests a loss of
opiate-like activity from the snake pituitaries in the
purification step in method It, probably due to the loss in
low molecular weight opioid peptides such as met- and leu--
enkephalins which have a molecular weight below 1000. The
possibility of the loss of opiate activity to be due to sodium
ions was excluded by the result that the opiate-like materials
were adsorbed in CM-cellulose and the presence of 1-endorphin-
like immunoreactivity. However, it is believed that both ACTH
and 13-endorphin will not be lost in this method as they have a
molecular weight over 1000 and below 10,000 (table 6-6). Then
these results seem to imply a relatively low level of B-
endorphin in the snake pituitary compared with ACTH and
enkephalins. This prediction is indirectly supported by the
observation that 13-endorphin immunoreactivity found in ConA-
Ultra, the fraction derived from method II, was much lower
than that in snake pituitary AAP (figure 6-10). Whether the
loss of B-enodrphin-like immunoreactivity in the ConA-Ultra
fraction derived from method II is due to the degradation of
the opiate-like material by specific protease which is
expected to have been denatured in the heating procedure in
method I remains to be elucidated.
Results from the fractions derived from method I indicate
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that, there are high levels of ACTH- and endorphin-like
activities in the snake pituitary. Furthermore, the
endorphin-like materials were also found to be active in
displacing DADLE from rat brain membranes. The result that
most of the activities were found in the adsorbed fractions
eluted from CM-cellulose is similar to the results from
mammalian pituitaries and the snake brain. However, the
presence of all these activities in the snake pituitary is
somewhat predictable since the pituitary gland is long known
to be the tissue that secretes ACTH and l3-endorphin in
mammalian species. The co-existence of high levels of both
ACTH- and endorphin-like activities implies an importance of
these hormones in the snake pituitary. It is believed that
the functions of these hormones in the snake is similar to
their counterparts in higher vertebrates. However, whether
they are also derived from POMC as in mammals remains to be
studied in the future.
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6.4 Turtle heart
6.4.1 Introduction- turtle heart
Although ACTH and opiates exert profound functions in
mammalian hearts (section 4.1), their actions on the hearts of
reptiles still remained a question although there exists a
complete reptilian pituitary-adrenal axis similar to that of
birds and mammals (Lofts. 1978 Callard and Callard. 1978).
Presence of ACTH and opiates in the heart of reptiles was not
available in the literature.
ACTH and opiate activities in the hearts of various
mammals were discussed in chapter 4. In this section. the
result from the heart of a reptile is presented as a
comparison.
6.4.2 Marterials and methos-extraction of turtle hert
The extraction protocol is shown in figure 6-11. Acid
acetone powder (AAP) was prepared from acetone powder (AP) of
turtle heart as described in section 4.2.2.1. The AAP
obtained was then loaded on Sephadex G-25 and eluted with 0.1
N acetic acid (figure 6-12). After that.. the first fraction
which had a high enough yield was subiected,on a CM-cellulose
column which was then eluted with stepwise gradients of
ammonium acetate. Finally, a solution of 0.6. N ammonium
hydroxide was used to strip any material stongly adsorbed on
the column (figure 6713).
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Gel filtration of turtle heart AAP (60 mg) on a Sephadex G-25
column (3.5 x 80 cm). Fraction size= 5 ml.
Buffer: 0.1 M acetic acid.














Ion exchange chromatography of turtle heart fraction TH-1 on
a CM-cellulose column (1.4 x 36 cm). The fraction (129.4 mg)
was dissolved in starting buffer, centrifuged and the
resulting superntant was applied on the column. Fraction size
= 5 ml.
Buffer: 10 mM NH4OAc, pH 4.6 (fractions 1-20)
10- 100 mM NH4OAc, pH 4.6- 6.7 (fractions 21-60)
0.1- 0.2 M NH4OAc, pH 6.7- 7 (fractions 61-100)
0.2 0.5 M NH4OAc, pH 7 (fractions 101-140)
0.5 M NH4OAc, pH 7 (fractions 141-155)
0.6 M NH4OH, pH 10.6 (fractions 156-180).
















6.4.3 Results: ACTH-like and opiate-like activities in turtle
heart
Both opiate receptor binding and steroidogenic activities
were found in the acid acetone powder (AAP)^ of turtle hearts.
After the AAP was eluted from Sephadex G-25, the activities
were found in the first high molecular weight fraction (TH-1)
indicating the presence of high molecular weight ACTH-like
and opiate-like materials in turtle heart. The yields of the
two retarded fractions (TH-2 TH-3) were too low for assay or
further purification (table 6-7). After the first fraction
(TH-1) was loaded on a CM-cellulose column, eight fractions
were obtained but two of them (TH-1-C2 TH-1-C4) were not
in sufficient yield for assay. Results showed high steroido-
genic activity in the fifth (TH-1-C5), sixth (TH-1-C6) and
seventh (TH-1-C8) fractions while the fifth, seventh and eight
fractions (TH-1-C5, TH-1-C7 TH-1-C8) -also contained
comparatively high opiate receptor binding activity (table 6-
8). Further assay with I3-endorphin RIA (figure 6-14),
indicates that most of the I3-endorphin immunoreactivitv were
located in the fifth (TH-1-C5), seventh (TH-1-C7) and e igl-hth
(TH-1-C8) fractions derived from CM-cellulose with the first
being the most potent. The immunoreactivity found in TH-1-C3
and TH-1-C1 fractions were found to be even lower than that of
the original fraction (TH-1) that applied to the CM-cellulose
column.
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Steroidogenic and opiate activities of turtleTable 6-7.
heart fractions eluted from Sephadex G-25
























a: Expt. 1, b: Expt. 2
Value-s represent mean± S.E.M. of triplicate determinations.
LEK: Leu-enkephalin
ND: Not determined due to insufficient material
: p 0.001 compared with control or buffer
: p 0.005 compared with control or buffer
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Steroidoarenic and opiate receptor hind i nqTable 6-8.
activities of CM-cellulose fractions derived
from turtle heart fraction: TH-1

































9 9. F, 1.43o.o11 0 ,to0l 0,002rO, to i
Values represent mean± S.E.M. of triplicate determinations.
LEK: Leu-enkephalin
UD: Undetectable
ND: Not determined due to insufficient material
: p 0.001 compared with control or buffer
: p 0.005 compared with control or buffer
(+): Most potent fraction in n-endorphin RIA
Figure 6-14
Displacement of [1251] -endorphin from 13-endorphin antiserum
by the fractions of CM-cellulose derived from the first
fraction (TH-1) of Sephadex G-25 of turtle heart
























6.4.4 Discussion- turtle hearts
6.4.4.1 About the results
The results indicate the presence of high molecular
weight ACTH-like and opiate-like activities although the
material from the low molecular weight fractions (TH-2 TH-3)
was not studied due to insufficient material. As in the other
cases mentioned before, the active materials were found to be
adsorbed on the CM-cellulose column, indicating a similarity
in chemical nature to those discussed in previous chapters.
6.4.4.2 Possible roles of ACTH and opiates in the reptilian
heart
As mentioned previously (section 4.1), ACT,H and opiates
exert profound effects in the mammalian heart and the
action of opiates in the heart may be a direct one (Wong et
al, 1985). The opiate-like materials found in the turtle
heart may have similar functions as their counterparts in
mammals. A direct action of ACTH in the heart has not beers
found (Biglieri and Kater, 1983) so a discussion on the
possible roles of ACTH-like activity found here in the
reptilian heart seems a bit too early. However the
possibility of the ACTH-like materials found in turtle heart
being a side product obtained during the production of I3-
endorphin materials found in the same tissue cannot be ruled
out.
136
6.4.4.3 Mammalian and reptilian hearts
Comparing the results with those obtained from the
hearts (section 4.1) of rodents, both types of active
materials were found to be adsorbed on the CM-cellulose and
eluted in similar positions. Then it seems quite logical to
suggest that ACTH- and opiate-like activities are universal in
the hearts of mammals as well as reptiles. The presence of
high molecular weight fractions that possessing both opiate
receptor binding, steroidogenic and -endorphin-like
activities in both turtle hearts and hamster hearts indicate
that both ACTH and opiates have long been a component of heart
tissue before the mammals have been evolved from reptiles.
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6.5 Turtle intestine
Cy. 5.1 Tntroduct 1 can- turtle intestine
The presence of endogenous opioid peptides in the outs of
various mammalian species has been studied extensively.
Enkephalin in the guts of porcine (Alumets et al. 1983),
guinea pig, (Musacchio et al, 1980), rat (Wang et al, 1984)
and human (Ferri et al, 1987) dynorphin (Kromer etr al, 1981)
In the guts of guinea pig and rat (Spampinato and Goldstein..
1983) J3-endorphin in human (Siolund et al, 1983) and in rat
(Orwoll and Kendall, 1980) were reported. ACTH was also found
in the rat gut (Orwoll and Kendall, 1980 Sanchez-Franco et
al, 1981 Saito et al, 1983) by some groups.
No studies in opiates and ACTH in the reptilian gut have
appeared. So, the turtle intestine was studied in this thesis
to see whether ACTH-like and opiate-like activities exist in
the reptilian gut.
6.5.2 Materials and methods- extraction of turtle intestine
The method used to extract turtle intestine was similar
to that used for the turtle heart (figure 6-15). Turtle
intestine acid acetone powder (AAP) was prepared from its
acetone powder (AP) as described in section 4.2.2.1. The AAP
was then loaded on Sephadex G-25 and eluted with-0.1 N acetic
acid (figure 6-16). After that, the first fraction was
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Extraction and ourificatign of ACTH-1ik?dFiQure 6_-1,5











Gel filtration of turtle intestine AAP on a Sephadex G-25
column (3.5 x 80 cm). The AAP (413 mg) was dissolved in
buffer, centrifuged and the supernatant was then applied on
the column. Fraction size= 5 ml.
Buffer: 0.1 M acetic acid.












chromatographed on a CM-cellulose column using stepwise
gradient elution with ammonium acetate. Finally a solution
of 0.6 N ammonium hydroxide was used to recover any strongly
adsorbed material from the column (figure 6-17).
Figure 6-17 Turtle intestine fraction TI-1 on CM-cellulose
Ion exchange chromatography of turtle intestine fraction TI-1
(50 mg) on on CM-cellulose (1.2 x 17 cm). Fraction size= 3
M1.
Buffer: 10 mM NH4OAc, pH 4.6 (fractions 1-9)
100 mM NH4OAc, pH 6.7 (fractions 10-18).
0.2 M NH4OAc. DH 7 (fractions 19-27)
0.5 M NH4OAc. DH 7 (fractions 28-36)
0.6 M NH4OH. DH 10.6 (fractions 37-47).





























6.5.3 Results: ACTH-like and opiate-like activities of turtle
intestine
The results of opiate receptor binding and steroidogenic
activities of the fractions from the Sephadex G-25 and CM--
cellulose columns are shown in table 6-9 and table 6-10
respectively. None of the fractions showed ACTH-like
activities although some opiate activity was found. The
second and fourth fractions (TI-1-C2 TI-1-C4) of the CM-
cellulose profile derived from the high molecular weight
fraction of turtle intestine (TI-1) showed some opiate
receptor binding activity. Further exploration of the natures
of these fractions found that the highest 13-endorphin
immunoreactivity (figure 6-18) was located in the second
fraction, TI-1-C2, the most potent fraction in opiate receptor
binding assay, indicating the co-existence ..of the two
activities in the same fraction. The fraction TI-1-C4 had the
second highest immunoreactivity and opiate receptor binding
activity. In both assays, little activity was found in the
unadsorbed fraction (TI-1-C1), indicating a retention of the
opiate-like materials on the CM-cellulose column. The
adsorbed fraction TI-1-C3 had only slight activity in RIA and
opiate receptor binding assay.
143
Steroidogenic and opiate activities of turtleTable 6-9.
intestine fractions eluted from Sephadex G-25










0.16 ( g) 2.7679.0
2.990.032 ( g) 104.9













0.032 41.3 4.970.006 0.5TI-3 1
0.030 0.004 98.2 2.400.05.0.1
0.028 0.005 85.3 5.110.01 0.005
a: Expt. 1, b: Expt. 2
Values represent mean± S.E.M. of triplicate determinations.
LEK: Leu-enkephalin
: p 0.001 compared with control or buffet
: p 0.005 compared with control or buffer
144
Steroidnaenic and opiate activities of CM-cellulose
Table 6-10.
fractions derived from turtle intestine fraction: TI

























Values represent mean± S.E.M. of triplicate determinations.
LEK: Leu-enkephalin
: p 0.001 compared with control or buffer
: p 0.005 compared with control or buffer
( +): Most potent fraction in -endorphin RIA
Figure 6-18
Displacement of [125I]-endorphin from 13-endorphin antiserum
by the fractions of CM-cellulose derived from the first
fraction (TI-1) of Sephadex G-25 of turtle intestine
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6.5.4 Discussion- turtle intestine
/3-Endorphin was found to be released trom numan uuouCtIal
mucosa in vitro (Matsumura et al, 1982) under stimulation.
Studies on the guinea pig intestine also revealed a release of
dynorphin during peristaltic activity (Kromer et al. 1981).
Studies in perfused rat ileum-ieunum also reported. the release
of the opioid peptides (Smith et al, 1983). These findings
suggested direct actions of endogenous opioid peptides in the
intestine.
Opioid peptides are believed to exert numerous actions
on the gut but the findings are still incomplete. The effects
of opiates on the regulation of intestinal propulsion in
mammalian species is believed to involve both central and
peripheral influences (Manara and Bianchetti.1985: Primi,
1985) but the actual effects are still poorly understood.
Studies in the rat indicated that the central influences of
the process may involve u- but not k- and -receptors
(Parolaro et al, 1986). !3-Endorphin was known to prefer u-
receptor (section 3.2.3.2). Whether the l3-endorphin activity
found in turtle intestine play any similar roles as that in
mammals remains to be studied.
Unlike mammals, the intestine of turtle is much simpler
and has no large intestines (Kent, 1978). However, this does
not necessarily imply a simpler regulatory mechanism.
Interestingly, most of the studies on the regulation of qut
motility In reptiles were carried out on turtles but not on
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other reptiles. Both excitatory and inhibitory actions of the
vagus nerve have been reported (Skoczvlas, 1978). However.
the role of opiates found here in the turtle intestine remains
to be studied in the future.
Furthermore, it is worth noting that met-enkephalin-like
immunoreactivity was reported in gut tissue of vertebrates
which are even more primitive than reptiles such as the eel
(Elbal and Aaulleiro. 1986) and the fish Sparus auratus L.
(L'Hermite et al, 1985) while ACTH-like immunoreactivity was
also reported recently in the gut of an invertebrate, the
earthworm, (Kaloustian, 1986) indicating an ancient role of
ACTH and opiates in the physiology of digestive system in the
animal kingdom. However, the failure to detect ACTH-like
material in the turtle intestine indicates that the level of
ACTH-like material in turtle intestine is very low if present
compared with that in mammals (section 6.3.11. However,
whether this is true of the intestines of other reptiles and
the role of ACTH in the reptilian digestive system remain to
be clarified.
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DATA AND RESULT FROM CLASS OSTEICHTHYESChapter 7
- Grouper. Flounder and Eel
7.1 ACTH and opiates in fishes- an introduction
7.1.1 Teleosts are the most abundant fishes
Class Osteichthyes consists of the the hiaher bony
fishes. In this chapter, three species of this class.
flounder, eel, and the red grouper, Epinephelus akaara. from
Infra class Teleostei were chosen for study. Teleosts expand
and diversify in an elaborate adaptive radiation and up to
now, there are more species of teleosts than there are of all
other vertebrates combined. One has tried to name any
function of other vertebrates which is not also performed by
at least one teleost, including walking on land, flying. and
maintaining a constant temperature (Webster and Webster..
1974a). However. teleosts are the most extensively studied
among all the fishes so they were chosen for study in spite of
their high species diversity.
7.1.2 ACTH and the teleosts
7.1.2.1 Presence of ACTH in the teleosts
The presence of ACTH-like and 13-endorphin-like peptides
in teleosts was studied most extensively in salmon. Although
POMC-like immunoreactivity (Naito et al. 19841 has been
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reported in pituitaries of different salmons, it was claimed
that no ACTH molecule has been successfully purified from
teleosts (Rodrigues and Sumpter, 1983). No successful
puification of ACTH was recorded in the literature on teleosts
up to 1987. Perhaps, the presence of ACTH-like bioactivity
(Ng et al, 1987) in chinook salmon pituitary may give some
hints to the presence of a true ACTH molecule. However., the
results obtained from salmon can then serve as a standard
guide for subsequent studies on teleosts.
7.1.2.2 Possible role of ACTH in teleosts
Before we can proceed to our results, one must tirst Know
that there is no adrenal gland In teleosts. An adrenocortical
homologue called interrenal ti-s-sue was believed to be the
peripheral target tissue of pituitary ACTH (Jorgensen, 1976)
which copes with stress (Donaldson, 1981) in a mechanism
independent of the activity of MSH (Pickering et al, 1986)
which may, however, potentiate the process (Takahashi et al,
1985). Nevertheless, studies on trout confirmed the role of
ACTH as the major factor in teleosts responding to stress
although endorphin and a-MSH may also have some contributions
to certain types of stress (Sumpter et al, 1985, 1986: Balm et
al, 1987).
7.1.3 Opioid peptides and the teleosts
Two different endorphin molecules were discovered in
the chum salmon pituitary (Takahashi et al, 1984) implying
there may be other endorphin precursors in lower vertebrates
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besides POMC. Opiate-like materials specific to different
receptors (8- and u-) were found in the chinook salmon
pituitary (Ng et al, 1987) and thus indirectly indicated the
possible presence of endorphin and/or enkephalin (section
3.2.3.2). The role of endogenous opioid peptides in teleosts
was still not well-known although an involvement of opiate in
the reproductive cycle of catfish (Rosenblum, 1986) and stress
response in trout (Sumpter et al, 1985) was found. Met-
enkephalin was found to induce colour change in some species
(Levina and Gordon, 1983) but not in others (Gordon and
Levina, 1983) indicating that opiates may have different
functions in different teleost species.
7.1.4 POMC of teleosts may be different from that of mammals
Discovery of more than one endorphin molecule in teleosts
(Takahashi et al, 1984) suggested that POMC In teleosts may be
quite different from its homologues in higher vertebrates.
Furthermore, the regulatory mechanism of ACTH in teleosts is
quite different from that of higher vertebrates. A
significant factor that is involved is melanin concentrating
hormone (MCH) which is a cyclic peptide with 17 residues in
chum salmon pituitary (Kawauchi et al, 1983). It was found to
be secreted from the hypothamus and stored in neurohypophysis
in teleosts (Naito et al, 1985). Recently, it was found to
inhibit the release of both ACTH (Baker et al, 1986) and MSH
(Barber et al, 1987) indicating an ancient regulatory
mechanism on ACTH and possibly POMC (or another ancient POMC)
in fish that does not exist in mammals. However, in a study
on trout, the distribution of POMC-derived peptides in pars
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distalis and pars intermedia of teleosts was found to be




7.2.1 Introduction- EDineaheius akaara, the-red arouoer
Epinephelus akaara are small fish belonging to Class
Perciformes with body length about 200 mm, living in the
bottom of warm water around Korea, Japan, Taiwan and in South
China Sea. Perciformes belongs to Actinopterygii which is
evolved from Salmonoids during the evolution of teleosts
(Young, 1983b), Salmon can be regarded as the ancester of
grouper in the phylogenic point of view. Studies on this
species can give information of the roles of ACTH and opiates
in the adaptive evolution process-of teleosts. However, there
are no reports about the presence of ACTH and opiates in
Epinephelus akaara. As a preliminary study on this species,
only its brain was tested for the presence of ACTH and opiate.
7.2.2 Materials and method ----extraction of grouper brain
The extraction protocol is shown in figure 7-1. The
preparation of acid acetone powder (AAP) follows that of rat
heart AAP (section 4.1.2.1a). The AAP was then fractionated
with different concentration of NaCl as described previously
(section 4.1.2.3b) and then desalted on a Sephadex G-10.
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Extraction and purification of ACTH-like andFigure 7-1








7.2.3 Results: ACTH-like and opiate-like activities of
Eyinephelus akaara brain
The results of the assays for steroidogenic activity and
opiate receptor binding activity are shown in table 7-1. Both
activities were found in the brain AAP. ACTH-like activity
was found in the first desalted (EB-1) and the second
fractions (EB-2) of the profile from Sephadex G-10 (figure 7-
2) while opiate-like activity located only in the first
fraction (EB-1) although some activity was found in the third
fraction (EB-3).
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Steroidogenic and opiate activities of EvineohelusTable 7-1
akaara brain fractions elute £ron c-D? haclex c-1O
































a: expt. 1, b: expt.2
Values represent mean± S.E.M. of triplicate
determinations.
LEK: Leu-enkephalin
ND: Not determined due to insufficient material
p 0.001 compared with control or buffer
p 0.005 compared with control or buffer.
Figure 7-2
Gel filtration of fraction (200 mg) derived from grouper brain
AAP after salt fractionation on Sephadex G-10 (3.5 x 80 cm).
Fraction size= 5 ml.
Buffer: 0.1 M acetic acid.

















7.2.4 Discussion- Fish Brains
Both ACTH- and opiate- like activities were found in
Epinephelus brain AAP and the desalted fractions derived from
it. As opiate activity was only found in EB-1 which is the
desalted fraction, the possibility of the displacement of
DADLE from binding to opiate receptors on the rat brain
membrane being due to sodium is very low. The discovery of
bioactive hormone-like material in Epinephelus brain is
consistent with reports on other species (section 7.1).
Although the opiate activity in EB-3 may be due to sodium, the
likelihood of it being enkephalin which has a molecular weight
below 1000 cannot be excluded.
As shown previously, ACTH-like material found in the
pigeon brain had a molecular weight below 5000 (section 5.4).
But in the snake brain, both high and low molecular weight
molecules possessing ACT.H- and opiate-like materials were
found (section 6.2.3). However, compared with the present
result, it can be seen that ACTH- and opiate-like materials
are present not only in the brain of terrestrial vertebrates,
but also in the brain of marine vertebrates. However, the
nature of the active material found in the Epinephelus brain
remains to-be studied in the future. If there is sufficient
material, it is suggested the fraction (EB-1) be
chromatographed on a CM-cellulose to see whether it will., also
be absorbed on the column as those in other species studied
previously.
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7.3 Various tissues of flounder
7.3.1 Introduction- flounder
The winter flounder, Pseudopleuronectes americanus. is a
flatfish belonging to Order Heterosomata and it lives near
the bottom in deep sea. Heterosomata (Pleuronectes) also
belongs to Actinopterygii (Young, 1983b) so flounder can also
be regarded as derived from salmon. Different from the
grouper, various tissues of the flounder were studied in this
investigation in addition to the brain. Thus, the results can
be used not only as a comparison with salmon, but also compare
with lamprey that will be discussed in chapter 8.
Reports on the existence of ACTH and opiate in flounder
were scarce. However, MSH, one of the peptides derived from
POMC, was found in both the serum and pituitary of flounder
(Baker et al, 1984). The MSH found in salmon is equal to the
first 13 amino acids of the N-terminal of ACTH (Kawauchi et
al, 1984). The presence of MSH in flounder thus indirectly
indicates the possible existence of ACTH and POMC.
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7.3.2 Materials and methods- Extraction of flounder tissues
As in the case of the extraction of snake pituitaries
(section 6.3.2), two methods have been applied in the
preparation of tissues of winter flounder.
7.3.2.1 Method I
As in the case of snake pituitaries, the starting amount
of flounder tissues was also little. Hence the acid
extraction method used in the Method I of AAP preparation for
snake pituitaries (section 6.3.2.1) was applied. However, due
to small amount of samples available, no further purification
is possible (figure 7-3).
7.3.2.2 Method II
A similar procedure as in the method II of the
preparation of snake pituitaries (section 6.3.2.2) was
applied. The starting material was pituitaries of the same
flounder, Pweudopleuronectes americanus. After extraction
with tris-Cl buffer (pH 7.8) and affinity chromatgraphy on
ConA-Sepharose, the unadsorbed fraction was concentrated
through an -XM-300 membrane (MW cut-off= 300.000). The
filtrate (MW 30,000) was then concentrated over a PM10
membrane (MW cut-off= 10,000) and the subsequent filtrate
over a UM-2 membrane (MW cut-off= 2000), thus resulting in a
retentate of a molecular weight between 10.000 and 2000. The
resulting material was then desalted on a Sephadex G-10 column
(figure 7-4).
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Method I- Extraction of ACTH-like and opiate-Figure 7-3
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7.3.3 Results: ACTH-like and gate-like activities in
flounder tissues
7.3.3.1 Results of the materials from method-I
Among the various tissues studied, the combined brain and
pituitary was the only one that possessed ACTH-like activity
at an exceeding high level indicating the existence of ACTH-
like material in the brain and/or pituitary. The tissues
containing opiate receptor binding activity include head and
tail portions of the interrenal, combined brain pituitary
and liver. By comparison, the intestine and heart of flounder
were found to contain very low levels of materials possessing
opiate receptor binding activity and the gonad was devo-id of
activity (table 7-2). Further exploration of the nature of
the opiate-like activity with /3-endorphin RIA revealed a low
level of 13-endorphin in the interrenal tissues and the
combined brain pituitary (figure 7-5 table 7-3). The
ability of the other tissues to displace the labelled 13-
endorphin from antiserum were exceedingly low and thus not
shown in figure 7-5.
7.3.3.2 Results of the materials from method II
Four fractions were obtained when the flounder pituitary
extract was chromatographed on the Sephadex G-10 column
(figure 7-6). The yield of the fourth fraction (Fl-4) was too
low to permit assay for steroidogenic and opiate activities.
The other fractions (Fl-1, Fl-2, Fl-3) were also found to
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Steroidogenic and opiate activities of variousTable 7-2.
tissues of flounder AAP




























83.. 8 2.020.050.006 0.0000.01
2.27103.50.005
9 7.7 3.800.50.005 0.000Gonad 0.1
7.22114.60.000 0.050.0060.01
Values represent mean± S.E.M. of triplicate
determinations.
IT: Interrenal tail IH: Interrenal head
B-P: Combined Brain Pituitary
LEK: Leu-enkephalin
: p 0.001 compared with control or buffer
: p 0.005 compared with control or buffer
Figure 7-5
Displacement of [125I]-endorphin from 13-endorphin antiserum
by the AAP of various tissues of flounder
Labels on the figure:
1: Interrenal head
2: Interrenal tail
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Values represent mean± S.E.M. of triplicate
determinations.
IT: Interrenal tail IH: Interrenal head
B-P: Combined Brain Pituitary
LEK: Leu-enkephalin
: p 0.001 compared with buffer
: p 0.005 compared with buffer
Figure 7-6
Gel filtration of flounder pituitary fraction with a MW 2000-
10,000 (502 mg) on a Sephadex G-10 column (3 x 83 cm).
Fraction size= 5 ml.
Buffer: 0.1 M acetic acid.














contain opiate receptor binding activity but the ACTH-like
activity was only found in the first (Fl-1) desalted fraction
(table 7-4), When the fractions were tested with the i3-
endorphin RIA assay, the first (Fl-1) desalted fraction was
the only one that possessed -endorphin immunoreactivity
(figure 7-7).
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Table 7-4 Steroidogenic and opiate activities of flounder
pituitary fractions eluted from Seohadex G-10
Fraction Steroidogenic activity Opiate receptor binding
activity
Dose (ng corticosterone Dose %Binding
/hr/25,000 cells)
(mg) ( mg)
Control 0 0.006 0.001
ACTH 0.054 0.0385 (nM)
0.031 0.0170.25 (nM)
0.009 0.0000.12 (nM)
LEK 0.313 (ug) 22.9 3.14
0.078 (g) 52.0 1.37
0.610.020 lug) 70.3
1.580.005 (Ug) 80.4
Fl-1 0.1 0.172 0.029 0.5 64.4 4.34
0.01 0.010 0.001 0.05 99.3 2.58
0.005 92.1 1.37
F1-2 1 0.005 0.001 0.5 30.4 0.06
0.1 0.006 0.001 0.05 66.6 2.54
0.005 100.2 1.09
F1-3 1 0.003 0.000 0.5 24.3 1.14
0.1 0.006 0.000 0.05 79.8 0.99
0.005 96.2 2.23
Values represent mean± S.E.M. of triplicate
determinations.
LEK: Leu-enkephalin
: p 0.001 compared with control or buffer
p 0.005 compared with control or buffer
Figure 7-7
Displacement of [125I]-endorphin from /3-endorphin antiserum














7.3.4 Discussion- Bounder tissues
7.3.4.1 About the purification methods
As in the case of snake pituitaries (table 6-5), some
loss of opiate activity was also encountered when employing
the purification method II upon comparing the activity of the
first fraction from Sephadex G-10 (Fl-1) (table 7-4) with that
of B-P AAP derived from method I (table 7-2). Although ACTH-
like activity was detected in both fractions (table 7-2 7-
4), the loss of opiate activity indicating that as a
purification scheme, method II worked well for ACTH but not so
for opioid peptides. The retarded fractions from the Sep-hadex
G-10 column (Fl-2 Fl-3) possessed a high level of opiate
binding acitivity (table 7-4) indicating the presence of low
molecular weight opiold peptides or sodium ion. The
possibility of the activity to be due to 13-endorphin-related
peptide is very low due to their low molecular weight and
failure to displace the labelled 13-endorphin from binding to
its antiserum in the /3-endorphin RIA assay (figure 7-7).
7.3.4.2 Activities found in various tissues
ACTH-like and opiate-like activities of flounder gonad,
intestine and heart were comparatively low as shown in table
7-2. The physiological significance of the activities in
these flounder tissues is presently unclear but may be similar
to the situation in mammals. The presence of high-activities
in the brain pituitary is predictable. However, the
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presence of high levels of opiate activity in the liver is not
so straight-forward.
To remove the effects of possible existing proteases on
the opiate receptor binding assay, the tissues were heated at
90 OC for 15 minutes before extraction with acidic medium
(section 6.3.3) and furthermore, protease inhibitors such as
trypsin inhibitor and bracitracin were added to the assay tube
and co-incubated with the brain membrane (section 3.2.2.2) to
prevent any. proteolytic effect. Thus the positive result
obtained from the liver seems not to be an artifact due to
proteolytic activity. Tissues such as the intestine and heart
only possessed low levels of opiate activity indicating that
the result was not due to presence of artifacts in the medium
such as sodium. The data obtained from the flounder liver may
be due to an abnormally high concentration of sodium in the
tissue.
However, as chromatographic purification could not be
applied due to the shortage of material, no idea of the
molecular size and chemical nature of the active materials was
obtained. An exceedingly low level of 13-endorphin immuno-
reactivity was also found in flounder liver but a similar
level was also reported for flounder gonad. As the former was
found to possess opiate binding activity but the later was
found to have none, it is reasonable to conclude that the
material in flounder liver is not structurally similar to
mammalian !3-endorphin.
7.3.4.3 Implications of the results
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As discussed previously, the interrenal was the adrenal
gland of fish (section 7.1.2.2). The presence of endogenous
opioid peptides such as /3-endorphin in interrenal gland of
fish is reminiscent of their presence in the mammalian
adrenal. In fact, proenkephalin (Comb et al, 1982) and
prodynorphin (Jingami et al, 1984) and their corresponding
mRNAs have already been found in the mammalian adrenal
medulla. The role of opiates in fish interrenals may well be
similar to that in mammalian adrenals.
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7.4 Eel pancreas
7.4.1 introduction- the eel
Different from the two fishes discussed above, eel
belongs to Elopomorpha and is evolved independently from
salmon (Young, 1983b) in the adaptive evolution of teleosts.
However, it is worth-remembering that Elopomorpha are among
the most primitive of living teleosts (Young. 1983b).
The existence of MSH in eel has also been reported and its
level was found to change during physiological colour change
of ee-l(Baker et al, 1984), implying a role of MSH in colour
change even in primitive vertebrates like eel. Besides. the
presence of met-enkephalin-like immunoreactivity was found in
the gut tissue in different developmental stages of the eel
recently (L'Hermite et al, 1985).
7.4.2 Materials and methods- Extraction of eel pancreas
The overall extraction protocol was shown in figure 7-8.
Eel pancreas acid acetone powder (AAP) was first prepared from
acetone powder (AP, Sigma) of the eel, Electrophorus
electricus, by the method stated previously (section 4.2.2.1).
The resulting AAP was then applied to Sephadex G-25 and eluted
with 0.1 N acetic acid (figure 7-9).
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EZt.Lactiorl any Durification of ACTH-like andF u e 7-8
opiate-like activities from opiate-like








Gel filtration of eel pancreas AAP on a Sephadex G-25 column
(3.5 x 80 cm). The AAP (754 mg) was dissolved in buffer.
centr i f uged and the resulting supernatant was them applied on
a column. Fraction size= 5 ml.
Buffer: 0.1 M acetic acid.
Yields: EE-1, 180 mg (Void volume)











Steroidogenic and opiate activities of eel DancreasTable 7-5.
fractions eluted from Sephadex G-25






























a: expt. 1, b: expt. 2
Values represent mean± S.E.M. of triplicate
determinations.
LEK: Leu-enkephalin
: p 0.001 compared with control or buffer
: p 0.005 compared with control or buffer
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7.4.3 Results: ACTH-like and opiate-like activities in eel
pancreas
No steroidogenic activity was detected in any fraction of
eel pancreas. Opiate receptor binding activity was found in
the two low molecular weight fractions (EE-2 EE-3) of
Sephadex G-25 (table 7-5) while the opiate activity in the
high molecular weight fraction (EE-1) was comparatively low.
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7.4.4 Discussion eel pancreas and mammalian pancreas
As shown in the results, low molecular weight material
with opiate-like activity was found with a still undefined
nature. The lower activity found in the higher molecular
fraction may be due to an opiate precursor molecule and/or its
fragments since no known opioid peptide has a molecular weight
exceeding 5000, the molecular weight-cut off of Sephadex G-25.
The eel pancreas, unlike those of other fishes. is a
compact structure surrounding the portal vein in the mid-gut.
Hyperphagia and starvation markedly alter the size of the eel
pancreas (Tesch and Greewood, 1977) indicating a digestive
role. Recently, eel pancreas was found to contain hormones
corresponding to those of the mammalian pancreas- glucagon,
insulin, and somatostatin (Naito et al, 1984). Furthermore,
glucagon-like and somatostatin-like immunoreactivities were
secreted from perfused eel pancreas in response to D-glucose
(Ince and so, 1984), indicating structural and functional
similiarities of the eel pancreas and mammals. However, ACTH
was found to be generally occurred in mammalian pancreas
including porcine (Alumtes et al 1983), rat (Sanchez-Franco
et al, 1981) and equine (Hon and No. 1986). The comparatively
low level of ACTH in eel pancreas seems to be a reflection of
its relatively simple structure that lacks sophisticated
differentiated cells for the local synthesis of ACTH although
it is capable of synthesizing other important pancreatic
hormones. However, this speculation remains to be tested in
the future.
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Chapter 8 DATA AND RESULT FROM CLASS AGNATHA
- Lamprey tissues
8.1 Introduction- approaching the end of the tunnel
8.1.1 Lamarev is the most primitive vertebrate
The earliest vertebrates are grouped together into
Agnatha (without laws). The only living agnathan are the
Cyclostomata (ring-mouthed), lampreys and hagfishes. Adult
lampreys are parasites that feed on other fishes (Young,
1983c). Although the lamprey is among the simplest
vertebrate, it possesses a sophisticated endocrine (Hardisty
and Baker, 1982) and neuronal (Rovainen, 1982) system which
regulates the overall physiological function In order to
further explore the presence of ACTH and opiates down to the
simplest vertebrates as a concluding remark of this thesis,
various lamprey tissues were tested.
8.1.2 ACTH and lamprey
Although the level of corticosteroids in lamprey was
found to be exceedingly low (Weisbart et al. 19801, ACTH was
still believed to be one of the few hormones produced from the
lamprey pituitary (Hardisty and Baker, 1982). MSH- and ACTH-
like activities were found at a very low level in the
pituitary gland of lamprey (Eastman and Portanova, 1982.Baker
and Buckingham, 1983). A recent study also indicated MSH-like
immunoreactivity in the pituitary of. lamprey (bores et al,
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1984) although still at a very low level. However, the
failure to detect ACTH-like immunoreactivity in pars distalls
and MSH-like immunoreactivity in pars intermedia of two
species of lamprey by the immunoc_ytochemical method (Nozaki
and Gorbman, 1984) suggested a system of ACTH-related peptides
(if there is any) in the lamprey pituitary completely
different from those of higher vertebrates such as mammals
(Hope and Lowry, 1981) and fishes (Rodrigues and Sumpter.
1983).
Although the presence of ACTH in lamprey is still in
controversy, exogenous ACTH treatment was found to elicit a
morphological response of interrenal cells (Youson. 1973) in
lamprey. However, treatment with mammalian ACTH failed to
show any consistent pattern of chances in plasma
concentrations of various corticosteroids in adult lamprey
but succeeded to do so in hagfish (Weisbart et al 1980), the
only other mordern c_vclostome.
8.1.3 Endogenous opioid peptides and lamprey
Immunoreactivities of met-enkephalin (Nozaki and Gorbman,
1985), /3-endorphin and Y-endorphin (Nozaki and Gorbman, 1984),
which is a peptide with a sequence identical to the first 17
N-terminal amino acids of /3-endorphin and. having ten-fold less
opioid activity (Akil et al, 1981). were found in the lamprey
adrenohypophysis. However, besides the pituitary, many
mammalian peptides including met-enkephalin were found in the
lamprey gut (Van Noorden et al, 1977) and believed to have a
paracrine function.. Further.' the effort of localizing of
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immunoreactivities of ii- and Y-endorphin in the lamprey brain
was unsuccessful (Nozaki and Gorbman, 1984).
8.2 Materials and method- extraction of lamDrev tissues
The specis studied was Petromvzon marinus L.. As the
amount of starting tissues was very little, the tissues of
lamprey were extracted to yield AAP with the method used for
preparing snake pituitary AAP (section 6.3.2.1). Also due to
the low yield after extraction, the amount of material
remaining did not allow further chromagraphi.c purification
(Figure 8-1)
8.3 Results ACTH-like and opiate-like activities in lamprev
tissues
The steroidogenic and opiate receptor binding activities
of various tissues of lamprey are shown in table 8-1. The
brain and liver of lamprey were found to contain considerable
amount of ACTH-like materials while opiate activity was mainly
located in the heart, liver, brain, gut and pituitary. No
ACTH-activity was found in the heart, ovary, testis, gut and
pituitary while ovary and testes did not contain assayable
opiate activity. Examining the lamprey tissues in the A-
endorphin .RIA revealed no assayable activity in any of the
tissues so the data is presented in a table (table 8-2) with
the results in obtained from the highest dose tried instead of
a graph.
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Figure 8-1 Extraction of ACTH-like and opiate-like
activities from various lamorev tissues
lamzmprev
Pituitary Liver Testis
Brain Heart Cut Ovary
acid extraction
Pituitary AAP Liver AAP Testis AAP
Brain AAP Heart AAP Gut AAP Ovary AAP
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Tabl? M-l, 1oTclcclcI11~,and c)Q1--3t-r art_.iyiri? iIIAP' of various
laiitorey tissues
Opiate receptor bindingSteroidogenic activityAAP
activity












10 4. 41 2.160.005
77.6% 2.050.50.000Pituitary 1 0.003
0.05 112.6q 2.430.1 0.007 0.001
Hurt 1 0.006 0.001 0.5 27 .7g 2.07
0.1 0.006 0.000 0.05 83 .3' 2.76
1. fiver 1 0.021 0.001 0.5 30.4% 2.12
72.8%0.1 0.009 0.000 0.05 7.04
0.005 104.4 2.16
52.2% 1.830.001Gut 1 0.000 0.5
100.9' 2.850.050.0010.0050.1
9 3. 3% 1.200.000 0.000 0.5Testis 1
0.002 0.0000.1 0.05 105.9'1 2.32
0.005 10 3.59 2.27
Ovary 1 0.003 0.001 0.5 111.8 0.60
0.1 0.007 0.000 0.05 117.9 1.42
Values represent mean± S.E.M. of triplicate determinations.
LEK: Leu--enkephalin
: p 0.001 compared with blank
: p 0.005 compared with blank
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Table 8-2 £-Endorphin immunoreactivity of lamprey tissues
AAP
Fraction Dose /3-Endorphin immunoreactivity
(mg) %bindincc
13-Endorphin 6.25 (ng) 4.4 0.49
1.56 ()Ig) 8.0 1.51
0.391 (ug) 45.7 1. 13
0.098 (ug) 70.4 3.15
Brain 0.05 100.9 8.10
Pituitary 0.5 121.8 0.9
Heart 0.5 89.3 2.71
Liver 0.5 95.7 1.16
Gut 0.5 147.9 0.81
Testis 0.55 119.6 2.53
Ovary 0.5 81.7 1.32
Values represent mean S.E.M. of triplicate
determinations.
: p 0.001 compared with buffer
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8.4 Discussion- various lamprey tissues
8.4.1 The lamprey pituitary
8.4.1.1 ACTH-like and 13-endorphin-like activities in the
lamprey and snake pituitaries
As ACTH and 13-endorphin are two well-known pituitary
hormones in mammals, the most astonishing result is the
absence of ACTH-like bioactivity and 13-endorphin-like
immunoreactivity from the pituitary gland of lamprey. It has
been reported that the levels of ACTH and MSH activities in
lamprey pituitary was about 1000 fold less than those in
mammals and other vertebrates (Baker and Buckingham, 1983) so
the lamprey pituitary AAP was assayed for steroidogenic
activity again with snake pituitary fractiions which was
prepared by the same extraction method but still no assayable
ACTH-like activity was found (figre 6-7) indicating the low
level of activity is not due to losses during the preparation
steps.
8.4.1.2 The pituitary of lamprey is different from those of
others
As ACTH-like activity was found in the liver and brain
but not in the pituitary of lamprey, it seems that the
pituitary gland is quite different from other vertebrates.
When the structure of lamprey pituitary was investigated, it
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was found to be not comparable to other fishes due to the
failure to identify any structural homologus in it and those
of lower vertebrate fishes (Leatherland, 1975). The imamprey
Lamprey lacks a portal system and hypothalamus control of the
adenohypophysis is believed to be exercised via the systemic
circulation (Gorbman, 1980). However, the level of
corticosteroids in lamprey is extremely low (Weisbart et al,
1980), indicating a different control system of ACTH-
interrenal axis (if there is any) in lamprey.
8.4.1.3 The pituitary of lamprey and hagfish
Recent studies also concluded that the lamprey have
undergone an adaptation to its parasitic mode of life and
thus the cyst found inside its adenohypophysis may be a
dege-nerated product and this adaptative process makes the
characteristics found in lamprey a side branch that less
resembles hagfish (Sholdice and McMillan, 1985). Hence the
recent finding of ACTH activity in hagfish pituitary
(Buckingham et al, 1985) does not necessarily imply that the
case is also true for lamprey. Although ACTH-like bioactivity
has been found by other groups (Eastman and Portanova, 1982
Baker and Buckingham, 1983: Dores et al, 1984b), no ACTH-
immunoreactive cells can be identified (Nozaki and Gorbman,
1984).
8.4.1.4 Conclusion
In the present investigation, ACTH-like activity was
found in the brain and liver instead of pituitary or any other
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tissues,. Indicating that the results were not due to artifact
formed during the assay or*failure of the assay system itself.
Furthermore, the various tissues of flounder (section 7.3)
were assayed in the same assay and the presence of ACTH-like
activity was detected only in the brain pituitary tissue,
supporting that the actual level of ACTH (if present) in the
lamprey pituitary should be exceedingly low as predicted
previously (Baker and Buckingham, 1983) and its level is
probably less than previously expected.
In the case of -endorphin, no positive result was
obtained in any lamprey tissues, indicating the 13-endorphin of
lamprey, if present, should be at an exceedingly low level or
that its structure is so different from its mammalian
counterpart that it failed to displace the labelled human -
endorphin from binding to the antiserum raised against human
/3-endorphin (section 3.1). However, the presence of
endorphin immunoreactivity in the flounder tissues (figure 7-
5) and snake pituitary (figure 6-8) which were extracted by
the same method also exclude the possibility that the -
endorphin-like activity was lost in the extraction procedure.
8.4.2 The lamprey--liver
In the rat, liver possesses the lowest level of ACTH-like
immunoreactivity (Saito et al, 1983) compared with other
tissues. But as shown in the result (table 8-1). the reverse
is true in lamprey. The high level of ACTH-like activity
found in lamprey liver reflects another special feature of
lamprey. The absence of measurable ACTH-like activity in the
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flounder liver (table 7-2) indicates a difference of lamprey
liver from those of flounder. However, the role of lamprey
liver in blood Lugar regulation remains in doubt. Unlike the
higher vertebrates, the removal of the lamprey liver appears
to have little effect on blood sugar homeostasis (Larson,
1978). It has been proposed that the kidney instead of the
liver of lamprey Is likely to be more important in blood sugar
regulation (Murat et al, 1979) by providing a source of
glucose. Furthermore, the lamprey liver is small in size
(about 1% of body weight) and has a relatively small glycogen
store (Plisetskaya and Kuz'mina, 1972). Unlike other
vertebrates and larval (young) lamprey, adult lamprey has no
gall-bladder and bile duct system (Youson, 1981).
Whether the lamprey liver reflects a primitive form of
vertebrate liver or carries any special functions that differs
from those in higher vertebrates remains to he studied.
However the liver of larval lamprey works more similarly to
higher vertebrates than the adult lamprey liver (Youson. 1981)
indicating a parasitic adaptative degeneration of the adult
lamprey liver. Then it seems not too surprising that ACTH-
like activity is found in lamprey liver but not in flounder
liver. However, there is no idea on the possible roles of the-
ACTH-like activity found in the lamprey liver before the
physiological function of the tissue is found.
8.4.3 Opiate activity
As in the case of flounder, the lamprey liver also
contains large amounts of opiate receptor binding activity but
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little B-endorphin immunoreactivity. The only method to
clarify whether the opiate-like activity found in the liver of
flounder and lamprey is due to artifacts is to explore its
nature by further purification. If it is sodium, it will not
be adsorbed on CM-cellulose or eluted in the early fractions
in gel filtration. However, the presence of opiate-like
activity in the brain of lamprey supports the previous finding
of enkephalin receptors in lamprey brain (Fernholm et al
1979) although the presence of the pentapeptide itself has not
been reported in their results.
OVERALL SUMMARY
Page no.










Throughout this thesis, a phylogenetic order was
followed. Although the method is systematic and easy to
follow, it fails to reveal any relationship between the
equivalent tissues from different species. Hence in this
section the results are summarized and re-organized using a
tissue-oriented approach to serve as a quick reference and
overall review of the findings. However, no account has been
taken of the relative potencies which will be found in the
sections indicated in each table.
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9.1.1 Brain
steroidogenic Opiate receptor Sect i onSpecies Purification
binding activityMethod activity
AAP G-10 G-25 CMC (No account of potency)







/3: Presence of 13-endorphin-like immunoreactivity
+: Presence of activity-: absence of activity
AAP: Acid acetone powder preparation
CMC: ion exchange chromatography on CM-cellulose
G-10: gel filtration on Sephadex G-10
G-25: gel filtration on Sephadex G-25
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9.1.2 Pituitary
Species Purification steroidogenic Opiate receptor Section
binding activitymethod activity
AAP G-10 G-25 CMC (No account of potency)
(no. of the method
have been used)
Snake 1 1 < > 6.3.3
Flounder 1 1 7.3.3< >
Lamprey 1 8.3
<>: Presence of 13-endorphin-like immunoreactivity
+: Presence of activity-: absence of activity
AAP: Acid acetone powder preparation
CMC: ion exchange chromatography on CM-cellulose
G-10: gel filtration on Sephadex G-10
G-25: gel filtration on Sephadex G-25
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9.1.3 Pancreas
Sectionsteroidogenic Opiate receptorSpecies Purification
binding activityactivitymethod
AAP G-10 G-25 CMC (No account of potency)




+: Presence of activity-: absence of activity
ND: Not determined
AAP: Acid acetone powder preparation
CMC: ion exchange chromatography on CM-cellulose
G-10: gel filtration on Sephadex G-10
G-25: gel filtration on Sephadex G-25
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9.1.4 Heart
Species Purification steroidogenic Opiate receptor Section
method activity binding activity
AAP G-10 G-25 CMC (No account of potency)
(no. of the method
have been used)
Rat 1 1 < > 4.1.3.1
Hamster 1 1 < > 4.1.3.2
Guinea- 1 1 < > 4.1.3.3
pig
Gerbil 1 1 4.1.3.4
Turtle 1 1 < > 6.4.3
Flounder 1 1 7.3.3
Lamprey 1 8.3
<>: Presence of '3-endorphin-like immunoreactivity
+: Presence of activity-: absence of activity
AAP: Acid acetone powder preparation
CMC: ion exchange chromatography on CM-cellulose
G-10: gel filtration on Sephadex G-10
G-25: gel filtration on Sephadex G-25
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9.1.5 Intestine
Species Purification steroidogenic Opiate receptor Section
method activity binding activity
AAP G-10 G-25 CMC (No account of potency)
(no. of the method
have been used)
Turtle 1 1 1 < > 6.5.3
Flounder 1 7.3.3
Lamprey 1 8.3
<>: Presence of 13-endorphin-like immunoreactivity
+: Presence of activity-: absence of activity
AAP: Acid acetone powder preparation
CMC: ion exchange chromatography on CM-cellulose
G-10: gel filtration on Sephadex G-10
G-25: gel filtration on Sephadex G-25
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9.1.6 Gonad
Sectionsteroidogenic Opiate receptorSpecies Purification
binding activityactivitymethod
AAP G-10 G-25 CMC (No account of potency)










+: Presence of activity-: absence of activity
AAP: Acid acetone powder preparation
CMC: ion exchange chromatography on CM-cellulose
G-10: gel filtration on Sephadex G-10
G-25: gel filtration on Sephadex G-25
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9.1.7 Other tissues
Species Purification steroidogenic Opiate receptor Section
binding activityactivitymethod
AAP G-10 G-25 CMC (No account of potency)








<> Presence of /3-endorphin-like immunoreactivity
+: Presence of activity-: absence of activity
AAP: Acid acetone powder preparation
CMC: ion exchange chromatography on CM-cellulose
G-10: gel filtration on Sephadex G-10
G-25: gel filtration on Sephadex G-25
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GENERAL DISCUSSIONChanter 10
10.1 From the definitions to the methods
In the last chapter, the results of eight different
tissues from thirteen different species (six of them being
mammalian species) have been discussed. After all the results
have been presented, it is time to give a general discussion
on the studies described in this thesis. However, writing a
general discussion on so many results is actually a more
difficult task than writing a combination of all the previous
discussions in each chapter. To avoid becoming lost in the
complicated data, this chapter starts from the very basic item
- the definitions.
The objective of this study was to investigate the
existence of ACTH-like and opiate-like activities in various
vertebrates. The term, ACTH-like activity, was defined as the
ability to stimulate dispersed rat adrenal decapsular cells to
produce corticosterone (section 3.1). /3-Endorphin-like
immunoreactivity was defined as the ability to displace
f I1-13-endorphin from binding to a specific antiserum raised
in rabbit (section 3.3). On the other hand, the more general
opiate-like activity was defined as the ability to displace
DADLE from binding to opiate receptors located in the rat
brain synaptosomal fraction (section 3.2). Immediately, 'it
can be seen that these definitions are limited by the assay
methods used in this thesis. If other assay methods had been
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aoolied, the definitions would have been different.
Regarding the steroidogenesis bioassay and the opiate
receptor binding assay, the most serious drawback of these
definitions is that we have been defining the activities found
in tissues of various species using the response in rat
tissues as a parameter for their measurement. Studies on
different species revealed a much greater structural variety
of protein between vertebrates in different classes than those
in the same class in the phylogenetic tree (Matsuda 1982).
The problem was more serious when the tissues of lower
vertebrates were studied. At this point in time the actual
structures of, say, the ACTH and J3-endorphin o-f lamprey are
unknown. What endogenous opiate might occur in the r)ineon
brain is also a question. Maybe these molecules are active in
their own species but are not so in rat tissues and thus they
were not detected by these two methods in this investigation.
The application of another method, say the RIA of 13-
endorphin, may or may not solve this problem or perhaps the
problem may be even worse. The use of antibodies against
mammalian 13-endorphin to search for 13-endorphin-like immuno-
reactivity, in lower vertebrates is a sensitive method but
great care should be exercised in interpreting the results.
The discovery of endorphins structurally and immunologically
different from mammalian 13-endorphin in the salmon pituitary
(Takahashietal, 1984) is a good example illustrating the risk
of using 13-endorphin RIA to demonstrate the presence of these
molecules in lower vertebrates. Furthermore. as the
structures of 13-endorphins of lower vertebrates were different
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from those of mammalian species, a negative result in the A-
endorphin RIA does not exclude the possible existence of -
endorphin in the tissue of lower vertebrates studied.
As no 'perfect' definitions on the activities found in
the tissues can be established due to the limitations of the
detection methods used, the limitations of the definitions
used must be borne in mind and great care must be taken to
avoid jumping to false conclusions.
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10.2 From the methods to the results
After the results have been calculated from the data.
the most important question to answer is what is implied in
the results. This highly depends on the sensitivity and
specificity of- the assay methods and the efficiency of the
purification methods. The use of assay systems and
purification methods should be compromised since the more
specific the assay method, the narrower the range of the.
material being looked for and thus the chance of missing a
structurally or functionally similar material will be
increased. This is why the opiate receptor binding assay is a
better choice than a highly specific RIA for enkephalin, '3-
endorphin or any other endogenous opioid peptides especially
in a preliminary scan for opiate activities.
However, 13-endorphin RIA is still a valuable tool as a
complementary assay system for both the ACTH and receptor
binding assay since much more information could be obtained
from the combined results than the individual findings. For
example, positive results in both the 13-endorphin RIA and
steroidogenic bioassay imply a possible local synthesizing
system for the two hormones since ACTH and /3-endorphin are
derived from the same precursor in higher vertebrates. On the
other hand, positive results in both /3-endorphin RIA and
opiate receptor binding assay provide strong evidence for'the
presence of an opiate-like material that is structurally
similar to 13-endorphin and is able to bind to opiate receptor
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specifically.
I-Ioweverq jumping to the conclusion that the materials
with positive results in the assay systems reflect the
presence of the hormones themselves is very dangerous. For
example, a putative 13-endorphin precursor was identified from
human placenta by both receptor binding assays and RIA (Houck
et al, 1980) but the substance was suspected to be an IgG
(Julliard et al, 1980) having a constant chain with a sequence
similar to that of /3-endorphin. These controversial results
give a serious warning against possible misinterpretation of
the results. However, the methods were still applied because
they are-relatively simple, fast, sensitive and also possess a
relatively high degree of specificity (chapter 3).
As specific binding does not necessarily imply
bioactivity, a bioassay of opiate activity (such as the hot
plate test described in chapter 5) is really a good choice as
a complementary assay for opiate receptor binding assay and
the 13-endorphin RIA. Furthermore, it is also a good assay
method when the sample has been purified to a certain degree
and enough purified material is available. The problem of
using bioassay is far more complex than opiate receptor
binding assay and 13-endorphin RIA. It cannot avoid the
pitfall of using mammalian tissues for the testing of
activitiers in that of lower vertebrates. Furthermore some
opioids may be agonists in some tissues and antagonists in
others and so the choice of tissue used in the. bioassay of
opiates depends on the opioid peptides of interest. For
example, hamster vas deferens has only 6 receptors while
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rabbit vas deferens has k receptors. To test u receptor-
specific opiates, the rat vas deferens is a better choice
(Kosterlitz et al, 1985). The specificities of different
opiold peptides for binding to different receptors was
discussed in section 3.2.3.2.
Additional information can be obtained from chromato-
graphic behaviours of the materials. In this investivation.
the presence of both high and low molecular weight materials
may or may not occur depending on the species and the type of
tissues studied. As a reference, the molecular weights of
relevant peptides are shown in table 6-6. Furthermore most
of the active materials were found to be adsorbed on the CM-
cellulose column. Although an accurate examination of the
characteristic of the materials that possess ACTH and/or
opiates such as 13-endorphin has not been carried out, it is
pertinent to point out that mammalian ACTH and./3-endorphin are
known to be retarded on CM-cellulose (Na et al, 1981).
Indicating a similar behavior of these materials to mammalian
ACTH and -endorphin.
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10.3 From the results to their implications
The results can be discussed in two completely different
ways: using a species-oriented approach or a tissue-oriented
approach. The results are presented using a species-oriented
approach in this thesis (chapter 4-8) while they are
summarized with a tissue-oriented approach in chapter 9.
10.3.1 ACTH-like and opiate-like materials in different
vertebrates
Examining the experimental results at the direction
parallel to the phylogenetic tree, the only vertebrate class
that has not been studied in this thesis is the amphibian.
This ignorance is due to the lack of access to a sizeable
amount of amphibian tissues. Actually a study on the
amphibians could be very challenging since it links the
evolution of vertebrates from fishes to reptiles. To fill the
gap, a quick review of the findings on ACTH and opiates in
amphibians is presented here:
ACTH-like materials were found in the frog pituitary and
hypothalamus (Jegou et al 1983: Campantico et al, 1985).
Dynorphin was also reported in toad central nervous system
(Cone and Goldstein, 1982). -Endorphin has been reported in
bullfrog (Yui, 1983) and frog (Jackson et al. 1980 Jegou et
al, 1983) tissues. Studies on the toad indicated a
proenkephalin-like precursor in the brain (Kilpatrick et al,
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1983) which is structurally related to that of mammals but is
devoid of leu-enkephalin sequences (Martens and Herbert, 1984)
indicating that leu-enkephalin is a 'younger' opioid peptide
compared with met-enkephalin in the vertebrate evolution.
Then combining the above results with what has been found
in the previous chapters, it seems that ACTH and opiates are
universally distributed in various vertebrates indicating that
these peptides have an old evolutionary age in the vertebrate
system. It has been proposed that hormones and other
intercellular messenger molecules of vertebrates had their
evolutionary origins in the microbes. When the..highly complex
system of vertebrates were developed, these molecules were
adopted by the internal regulatory systems such as nervous and
endocrine systems (Roth et al, 1986). Pituitary, the master
gland of the endocrine system, is a special structure unique
to the vertebrates (Holmes and Ball, 1974b). The observation
that ACTH-like bioactivity and 13-endorphin-like immuno-
reactivity were exceedingly low in the pituitary of the
lamprey (chapter 8), the most primitive vertebrate, seems to
give some hints to the evolutionary age when ACTH and -
endorphin were adopted into the pituitary gland and acted as
important pituitary hormones of the higher vertebrates.
However, we cannot exclude.the possibility that the ACTH-like
materials in lamprey possess little -or no activity in
mammalian adrenal cells and thus did not elicit a biological
response in rat adrenal decapsular cells the 13-endorphin-like
materials in lamprey possess insufficient struc'tutal
similiarity to mammalian -endorphin and thus failed to
displace the mammalian -endorphin from binding to the
206
antibody.
Nevertheless, the results seem to suggest that ACTH and
/3-endorphin do not play a role as important pituitary hormones
in the lamprey. Whether this is due to an adaptive
degeneration or an incomplete evolution of the pituitary gland
in the lamprey remains to be studied in the future.
10.3.2 ACTH-like and opiate-like materials in different
tissues
From another point of view, we can cut.cross sections
from the phylogenetic tree and give a look at the results
obtained from various tissues as shown in chapter 9. The
discovery of the activities of these hormones in extra-
pituitary tissues has a different meaning from that discussed
in the last section. In the case of the extra-pituitary
tissues of the amphibian, /3-endorphin-like and enkephalin-like
activities have been reported in the frog retina and brain
(Jackson et al, 1980).
The results, as summarized in chapter 9, indicate the
wide distribution of the hormones in various tissues. Their
possible local functions have been discussed in the individual
chapters so they will not be discussed here again. However, a
general impression formed after examining the results. in
chapter 9 is that there is a trend of decreasing chance of
finding the activities of these hormones in extra-pituitary
tissues when lower vertebrates were studied. Although the
accuracy of this impression has not been examined, it raises a
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question whether the importance of these extra-pituitary
hormones is increasing in the evolutionary process in the
vertebrates or lust indicates the structural variation of
these peptides in lower vertebrates from that in higher
vertebrates. The question can be answered only when these
materials has been purified and characterized.
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10.4 From the implications to the future perspectives
As a concluding remark of this thesis, the trends for
further studies based on the implications of the results is
discussed. The implications of the results, as stated above,
can be summarized as: First, ACTH and -endorphin seem to
become important pituitary hormones at an early stage of
vertebrate evolution (section 10.3.1). Second. ACTH and -
endorphin are widely distributed in various tissues of
different vertebrates. Their levels in these extra-pituitary
tissues seems to increase from lower to higher vertebrates
(chapter 9) and thus implying a possible increase in
physiological significance which may relate to the process of
evolution in the molecular level (section 10.3.2).
The first thing to do before one can continue the
research is to test the validity of the two hypothesis
mentioned above by further clarifying the actual structures
and properties of these peptides in lower vertebrates to see
whether the results are due to the limitations of the assay
methods (i.e. the limitations of the definitions). If the
limitations of the methods are proved to be not so important,
subsequent research will be very exciting and interesting.
The ACTH and -endorphin may play a very important role in the
adaptative process of vertebrate evolution. Further studies
to explore their local functions in the periperal tissues in
vertebrates would be worthwhile. Then we will probably arrive
at the question of how the ACTH and -endorphin (i.e. POMC,
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their precursor) win the natural selection (Darwin, 1979) game
at the molecular level in the vertebrate life.
210
References
Acker, G. R., Frischer, R., and Strand, F. L. (1984) ACTH
Peptide Modulation of the Developing Mammalian
Neuromuscular System Seen Through Three Different
Perspectives. Ann. N. Y. Acad. Sci. 435, 370-375
Akil, H., Young, E., Watson, S. J., Cov, D. (1981) Opiate
Binding Properties of Naturally Occurring N- and C-
terminus Modified B-Endorphin. Peptides 2. 289-292
Akil, H., Watson, S. J., Young, E., Lewis, M. E..
Khachaturian, H., and Walker, J. M. (1984) Endogenous
Opioids: Biology and Function.- Ann. Rev. Neurosci. 7,
223-255
Akil, H., Young, E., Walker, J. M., and Watson, S. J. (1986)
The Many Possible Roles of Opioids and Related Peptides
in Stress-Induced Analgesia. Ann. N. Y. Acad. Sci. 467.
110-153
Alumets, J., Hakanson R., and Sundler, F. (1983) Ontogeny of
Endocrine Cells in Porcine Gut and Pancreas.
Gastroenterology 85, 1359-1372
Armario, A., Perello, A., and Lopez-Calderon A. (1986) Adreno-
corticotropin Administration Increases Testosterone
Secretion in Adult Male Rats. Life Sci. 29, 1119-1122
Atarashi, K., Mulrow, P. P., Franco-Saenz. R.. Snaidar. R..
and Rapp, J. (1984) Inhibition of Aldosterone Production
by an Atrial Extract. Science 224, 992-994
Atlas, S. A. (1986) Atrial Natriuretic Factor: A New Hormone
of Cardiac Origin. Rec. Prog. Horm. Res. 42, 207-249
Baker, B. I., and Buckingham, J. C. (1983) A Study of Cortico-
trophic and Melanotrophic Activities in the Pituitary and
Brain of the Lamprey Lampetra fluviatilis. Gen. Comp.
Endocrinol. 52, 283-290
Baker, B. I., Wilson, J. F., and Bowley, T. (1984) Changes in
Pituitary and Plasma Levels of MSH in Teleosts during
Physiological Colour Change. Gen. Comp. Endocrinol. 55,
142-149
Baker, B. I., Bird, D. J., and Buckingham, J. C. (1986)
Effects of Chronic Administration of Melanin
Concentrating Hormone (MCH) on ACTH, MSH and Pigmentation
in the Trout. Gen. Comp. Endocrinol. 63, 62-69
Balm, P., Lamers, A., Jenks, B., Bonga, S. W. (1987) The Role
of a-MSH in the Regulation of Tilapia. Inter.renal
Function. Gen. Comp. Endocrinol. 66, Abst. 29
Barber, L. D., Baker, B. I., Penny, J. C., and Eberle, A. N.
(1987) Melanin Concentrating Hormone.Inhibits the Release
of a-MSH from Teleost Pituitary Glands. Gen. Comp.
Endocrinol. 65, 79-86
211
Bardin, C. W., Shaha, C., Mather, J., Salomon, Y., Margioris,
A. N., Liotta, A. S., Gererida1, I., Cheri, C. L., ar1(1
Krieger, D. T. (1984) Identification and Possible
Function of Pro-opiomelanocortin-derived Peptides in the
Testis. Ann. N. Y. Acad. Sci. 438, 346-364
Bartholomew, G. A. (1982) Physiological Control of Body
Temperature. In: Biology of the Retilia, Gans, C.,
and Pough, F. H. eds, Vol. 12, Chapter 5, pp. 167-211
Bayon, A., Shoemaker, W. J., McGinty, J. F., and Bloom, F.
(1983) Immunodetection of Endorphins and Enkephalins: A
Search for Reliability. Int. Rev. Neurobiol. 24, 51-92
Beaumont, A., Metters, K. M., Rossier, J., and Hughes, J.
(1985) Identification of a Pro-Enkephalin Precursor in
Striatal Tissue. J. Neurochem. 44, 934-940
Bennet, A. F., and Dawson, W. R. (1976) Metabolism. In:
Biology of the Reptilia, Vol. 5, Gans, C. ed., pp. 127-
223, Academic Press, London
Bernasconi, S., Petraglia, F., Iughetti, L., Facchinetti, F.,
Marcellini, C., Giovannelli, G., and Genazzani. A. R.
(1986) Endogenous Opioid Inhibitory Tone on LH Secretion
.in Normal Puberty and in Several Pubertal Disturbances.
Acta Endocrinol. (Suppl. 279), 113, 196-201
Beyer, H. S., Parker, L., Li, C. H., Stuart, D., and Sharp. B.
M. (1986) B-Endorphin Attenuates the Serum Cortisol
Response to Exogenous Adrenocorticotropin. J. Clin.
Endocrinol. Metab. 62, 808-811
Biglierl, E. G., and Kater, C. E. (1983) Adrenal Enzymatic
Defects. In: Hypertension, Chapter 58, pp. 939-947,
McGraw-Hill, Inc.
Briski, K. P., Quigley, K., and Meites, J. (1984) Endogenous
Opiate Involvement in Acute and Chronic Stress-Induced
Changes in Plasma LH Concentrations in the Male Rat.
Life Sci. 34, 2485-2493
Bruni, J. F., Watkins, W. B., and Yen. S. S. C. (1979) B-
Endorphin in the Human Pancreas. J. Clin. Endocrinol.
Metabol. 49, 649-651
Buckingham, J. C., Leach, J. H., Plisetskaya, E., Sower. S.
A., and Gorbman, A. (1985). Corticotrophin-like
Bioactivity in the Pituitary Gland and Brain of the
Pacific Hagfish, Eptatretus stouti. Gen. Comp.
Endocrinol. 57, 434-437
Callard, I. P., and Callard, G. V. (1978) Physiology. In:
General, Comparative and Clinical Endocrinology of.- the
Adrenal Cortex. Jones, I. C., and Henderson, I. W. eds.
Vol. 2, Chapter 4, Part II, pp. 370-418, Academic Press
Inc. (London) Ltd.
Campantico, E., Guastalla, A., and Patriarca, E. (1985)
212
Identification by Immunofluorescence of ACTH-Producing
Cells in the Pituitary Gland of the Tree Frog Hyla
avabovea. Gen. Comp. Endocrinol. 59, 192-198
Chang, W. C., Chung, D., and Li, C. H. (1980) Isolation and
Characterization of /3-Lipotropin and Adrenocorticotropin
from Turkey Pituitary Gland. Int. J. Protein Res. 15,
261-270
Cardinale, G. J., Donnerer, J., Finck, A. D., Kantrowitz, J.
D., Oka, K., and Spector, S. (1987) Morphine and Codeine
are Endogenous Components of Human Cerebrospinal Fluid.
Life Sci. 40, 301-306
Chen, C. L. C., Mather, J. P., Morris, P. L., and Bardin, C.
W. (1984) Expression of Proopiomelanocortin-like Gene in
the Testes and Epididymis. Proc. Natl. Acad. Sci. USA
81, 5672-5675
Cheney, B. V., and Lahti, R. A. (1987) Effect of Sodium Ion on
the Affinity of Naloxone for the k Opioid Receptor. Life
Sci. 40, 1071-1074
Cho, T. M., Hasegawa J. I., Ge, B. L., and Loh, H. H. (1986)
Purification to Apparent Homogeneity of a u-type Opioid
Receptor from Rat Brain. Proc. Natl. Acad. Sci. USA 83
4138-4142
Chretien, M., and Seidah, N. G. (1984) Precursor Polyprotein
in Endocrine and Neuroendocrine System. Int. J. Peptide
Protein Res. 23, 335-341
Civelli, 0., Birnberg, N., and Herbert, E. (1982) Detection
and Ouantitation of Pro-Opiomelanocortin mRNA in
Pituitary and Brain Tissues from Different Species. J.
Biol. Chem. 257, 6783-6787
Comb, M., Seeburg, P. H., Adelman, J., Edien, L., and Herber,
E., (1982) Primary Structure of Human Met- and Leu-
enkephalin Precursor and its mRNA. Nature 295, 663-666
Cone, R. I., and Goldstein, A. (1982) A Dynorphin-like Opioid
in the Central Nervous System of an Amphibian. Proc.
Natl. Acad. Sci. 79, 3345-3349
Cox, B. M., Gentleman, S., Su, T. P., and Goldstein, A. (1976)
Further Characterization of Morphine-Like Peptides
(Endorphins) from Pituitary. Brain Res. 115, 285-296
Darwin, C. (1979) Natural Selection. In: "The Origin of
Species, by Means of Natural Selection", pp. 130-172,
Avenel Books, New York
Donaldson, E. M. (1981) The Pituitary-Interrenal Axia-as an
Indicator of Stress in Fish. In: "Stress and Fish",
Pickering, A. D. ed., pp. 11-47, Academic Press,
London/N.Y.
Donnerer, J., Oka, K., Brossi, A., Rice, K. C., and Spector,
S. (1986) Presence and Formation of Codeine and Morphine
213
In the Rat. Proc. Natl. Acad. Sci. USA 83, 4566-4567
Dores, R. M., and Surprenant (1984) In Vitro Synthesis of
ACTH- and 13-Endorphin-Related Substances in the Pars
Distalis of Anolis carolinensis. Gen. Comp. Endocrinol.
56, 90-99
Dores, R. M., Kahachaturian, H., Watson, S. J., and Akil, H.
(1984a) Localization of Neurons Containing Pro-
opiomelanocortin-Related Peptides in the Hypothalamus and
Midbrain of the Lizard Anolis carolinensis. Brain Res.
324, 384-389
Dores, R. M., Finger, T. E., and Gold. M. R. (1984b)
Immunohistochemical Localization of Enkephalin- and ACTH-
related Substances in the Pituitary of Lamprey. Cell
Tissue Res. 235, 107-115
Eastman, J. T., and Portanova, R. (1982) ACTH Activity in the
Pituitary and Brain of the Least Brook Lamprey, Lampetra
aepyptera.. Gen. Comp. Endocrinol. 47, 346-350
Elbal, M. T., and Agulleiro, B. (1986) An Immunocytochemical
and Ultrastructural Study of Endocrine Cells in the Gut
of a Teleost Fish Sparus auratus L.. Gen. Como.
Endocrinol. 64, 339-354
Estivariz, F. E., Hope J., Iturriza, F. C., and Lowry P. J
(1981) Adrenal Mitogenic Activity of Fragments of N-
terminal Region of Proopiocortin. Acta Endocrinol.
(Suppl. 243), 97, 31, 1981
Eulie, P., and Rhee, H. M. (1984) Mechanism of Cardio
depressant Actions of Enkephalin. Ann. N. Y. Acad. Sci
435, 408-411
Fenske, M. (1980) Adrenocorticotropin and Cortisol Induced
Changes of Integrated Corticosteroid and Androgen Plasma
Levels in Male Rabbits. Life Sci. 27, 2219-2221
Fenske, M. (1984) Stress- and (1-24) ACTH- Induced Alterations
in Adrenal and Testicular Steroidogenesis in Mongolian
Gerbil (Meriones unguiculatus): Comparison of Plasma
Levels, Tissue Content and in Vitro Secretion. Comp.
Biochem. Physiol. 77A, 745-748
Fernholm, B., Nielsen, M., and Braestru C. (1979) Absence of
Brain Specific Bezodiazepine Receptors in Cyclostomes and
Elasmobranchs. Comp. Biochem. Physiol. 62B, 209-211
Ferrara, P., Houghton, R., and Li, C. H. (1979) J3-Endorphin:
Characteristics of Binding Sites in the Rat Brain.
Biochem. Biophys. Res. Commun. 89 786-792
Ferri, G. L., Morreal, R. A., Soimero, L., Biliotti, G.,
and Dockray, G. J. (1987) Intramural Distribution of Met
-Enkephalin-Arg -Gly -Leu in Sphincter Regions of Human
Gut. Neurosci. Lett. 74, 304-308
Fraioli, F. Fabbri, A., Gnessi, L., Silvestroni, L., Moretti
214
C., Redi, F., and Isidori, A. (1984) 13-Endorphin, Met-
Enkephalin, and Calcitonin In Human Seman: Evidence for a
Possible Role in Human Sperm Motility. Ann. N. Y. Acad.
Sci. 438, 365-370
Genazzani, A. R., Facchinetti, F., Pintor, C., Puggioni, R.,
Parrini, D., Petraglia, F., Bagnoli, F., and Corda, R.
(1983) Proopiocortin-Related Peptide Plasma Levels
throughout Prepuberty and Puberty. J. Clin. Endocrinol.
Metab. 57, 56-61
Genest, J. (1985) The Heart as an Endocrine Gland. Regul
Peptides (Suppl. 4), 83-88
Georges, D., and Dubois, M. P. (1984) Methionine-Enkephalin-
Like Immunoreactivties in the Nervous Ganglion and the
Ovary of a Protochordate Ciona intestinalis. Cell Tissue
Res. 236, 165-170
Gerendai, I., Shaha, C., Thau, R., and Bardin, C. W. (1984) Do
Testicular Opiates Regulate Leydig Cell Functions?
Endocrinol. 115, 1645-1647
Goldstein, A., Barrett, R. W., James, I. F., Lowney, L. I.,
Welts, C. J., Knipmeyer, L. L., and Rapoport, H. (1985)
Morphine and other Opiates from Beef Brain and Adrenal.
Proc. Natl. Acad. Sci. USA 82, 5203-5207
Gorbman, A. (1980) Evolution of the Brain-Pituitary Relation-
ship Evidence from the Agnatha. Can. J. Fish. Aquat.
Sci. 37, 1680-1686
Gordin, R., and Levina, S. (1983) Methionine Enkephalin-
Induced Changes in Pigmentation of Zerbrafish (Cyprinidae
Brachydanio rerio) and Related Species and Varieties,
Measured Videodensitometrically. II. Pearl and Gold
Danios. Gen. Comp. Endocrinol. 51, 378-383
Graf, L., Ronai, A. Z., Balusz, S., Cseh, G., and Szekely, J.
F. (1976) Opiate Agonist Activity of Beta-Lipotropin
Fragments: a Source of Morphine-Like Substances in the
Pituitary. FEBS Lett. 64, 181-184
Gruber, K. A., Callahan, M. F., Kirby, R. F., Johnson, A. K.,
and Lymangrover, J. R. (1985) Natriuretic and
Hypertensinogenic Pro-opiomelanocortin Derived Peptides.
Regul. Peptides (Suppl. 4), 118-123
Hardisty, M. W., and Baker, B. I. (1982) Endocrinology of
Lampreys. In: The Biology of Lampreys, Hardisty, M.
W., and Potter, I. C. eds., Vol. 4B, pp. 1-116, Academic
Press Inc. (London) Ltd.
Hauing, R., Tait, S. A. S., Tait, J. F. (19.70) In Vitro
Effects of ACTH, Angiotensins, Serotionin and Potassium
on Corticosterone and Aldosterone by Capsular Cells
Although to a Less Extent than did ACTH. Endocrinol. 81,
1147-1167
Hendrie, C. A. (1985) Opiate Dependence and Withdrawal, A New
215
Synthesis? Pharmacol. Biochem. Behav. 23, 863-870
Hendrie, C. A. (1986) A Single Pretreatment with ACTH Prevents
the Development of Tolerance to Morphine Analgesia in
Mice. Brit. J. Pharmacol. 89 (Proc. Suppl.), 795P
Hermansen, K. (1983) Enkephalins and the secretion of
Pancreatic Somatostatin and Insulin in Doa: Studies In
Vitro. Endocrinol. 113, 1149-1154
Holaday, J. W. (1983) Cardiovascular Effects of Endogenous
Opiate Systems. Ann. Rev. Pharmacol. Toxicol. 23 541-
594
Holmes, R. L., Ball, J. N. (1974a) The Pars Intermedia and
Pars Tuberalis.In: "The Pituitary Gland, A Comparative
Account, Chapter 4, pp. 54-62, Cambridge University
Press
Holmes, R. L., Ball, J. N. (1974b) Some General
Considerations. In: "The Pituitary Gland, A Comparative
Account, Chapter 4, pp. 54-62, Cambridge University
Press
Hon, W. K., and Ng, T. B. (1986) Opiate-like and Adreno-
corticotrophin-like Materials in Equine Pancreas. Gen.
Pharmacol. 17, 397-404
Hope, J., and Lowry, P. J. (1981) Pro-Opiocortin: The ACTH/LPH
Common Precursor Protein. Front. Horm. Res. 8, 44-61,
(Karger, Basel)
Houck, J. C., Kimball, C., Chang, C., Pedigo, N. W.. and
Yamamura, H. I. (1980) Placental B-Endorphin-like
Peptides. Science 207, 78-80
Houck, J. C., Chang, C. M., and Kimball, C. D. (1981)
Pancreatic B-Endorphin-like Polypeptieds. Pharmacol. 23.
14-23
Hughes, J. (1975) Isolation of an Endogenous Compound from the
Brain with Pharmacological Properties Similar to
Morphine. Brain Res. 88, 295-308
Hughes, J. (1984) Reflections on Opioid Peptides. In
Opioids, Past, Present and Future", Hughes, J., Collier,
H. 0. J., Rance, M. J., and Tyers, M. B. eds. Chapter 2,
pp. 9-19, Taylor Francis Ltd.
Husband, A. J., Kusnecov, R. S., and King, M. G. (1987)
Central Nervous System Control over the Immune System
Bridging the Gap between Mind and Immunity. Neurosci.
Lett. (Suppl. 27) S21-S22
Ince, B. W., and So, S. T. C. (1984) Differential Secretion of
Glucagon-like and Somatostatin-like Immunoreactivity from
the Perfused Eel Pancreas in Response to D-Glucose. Gen.
Comp. Endocrinol. 53, 389-397
Ipp, E., Dobbs, R., and Unger, R. H. (1978) Morphine and B-
216
Endorphin Influence the Secretion of the Endocrine
Pancreas. Nature, 276, 190-191
Itzhak, Y., Hiller, J. M., and Simon, E. J. (1984)
Solubilization and Characterization ofµ, a, and k Opioid
Binding Sites from Guinea Pig Brain: Physical Separation
of k Receptors. Proc. Natl. Acad. Sci. USA 81, 4217-4221
Jackson, I. M. D., Bolaffi, J. L., and Guillemin, R. (1980)
Presence of Immunoreactive )3-Endorphin- and Enkephalin-
like Material in the Retina and Other Tissues of the
Frog. Gen. Comp. Endocrinol. 42, 505-508, 1980
Jegou, S., Toron, M. C., Lerous, P., Delarue, C., Leboulenger,
F., Pelletier, G., Cote, J.,-Ling, N., and Vaudry, H.
(1983) Immunological Characterization of Endorphins,
Adrenocorticotropin and Melanotropins in Frog
Hypothalamus. Gen. Comp. Endocrinol. 51, 246-254
Jingami, H., Nakanishi, S., Imura, H., and Numa S. (1984)
Tissue Distribution of Messenger RNAs coding for Opioid
Peptide Precursors and related RNA. Eur... J. Biochem.
142', 441-447
Jones, M. T., Gillham, B., Renzo, G. D.,. Beckford. U., and
.Holmes, M. C. (1981) Front. Horm. Res. 8, 12-43, (Karger.
Basel)
Jorgensen, C. B. (1976) Sub-mammalian Vertebrate Hypothalamic-
Pituitary-Adrenal Interrelationships. In: General.
Comparative and Clinical Endocrinology of the Adrenal
Cortex, Jones, I. C., Henderson, I. W. eds. Chapter 3,
pp. 143-206
Julliard, J. H., Shibasaki, T., Ling, N., and Guillemin, R.
(1980) Immunoreactive /3-Endorphin in Extracts of Human
Placenta is a Fragment of Immunoglobulin G. Science 208,
183-185
Juniewice, P. E., and Johnson, B. H. (1984a) Ability of
Cortisol and Progesterone to Mediate the Stimulatory
Effect of Adrenocorticotropin Hormone Upon Testosterone
Production by the Porcine Testes. Biol. Reprod. 30 134-
142
Junie wice, P. E., and Johnson, B. H. (1984b) Influence of
Adrenal Steroids upon Testosterone Secretion by Boar
Testes. Biol. Repord. 25, 725-733
Juniewice, P. E., Keeney, D. S., and Ewing, L. L. (1986) The
Effect of ACTH upon Testosterone Secretion by in Vitro
Perfused Rat and Rabbit Testes. Biol Reprod. 34 (Suppl.
1), 52
Kaloustian, K. V. (1986) Immunochemical Evidence for ACTH-like
Immunoreactivity in Tissues'of the Earthworm Lumbricus
Terrestris. Comp. Biochem. Physiol. 85A, 351-353
Kawauchi, H., Kawazoe, I., Adachi, Y., Buckley, D. I., and
Ramachandran, J. (1984) Chemical and Biological
217
Characterization of Salmon Melanocvte-Stimulatina
Hormones. Gen. Comp. Endocrinol. 53. 37-48
Kawauchi, H., Kawazoe, I., Tsubokawa, M., Kishida, M... Baker..
B. I. (1983) Characterization of Melanin-Concentratina
Hormone in Chum Salmon Pituitaries. Nature 305. 321-323
Kay, N., Morley, J. E., Van Ree, J. M. (1987) Enhancement of
Hutttan Lymphocyte Natural Killing Function by Non-oplid
Fragments of I3-Endorphin. Life Sci. 40, 1083-1087
Kent, G. C. (1978) Digestive System. In: Comparative
Anatomy of the Vertebrates, Chapter 11, pp. 235-255. C.
V. Mosby Company, Singapore
Kilpatrick, D. L., Howells, R. D.,, Lahm, H. W... and
Udenfriend, S. (1983) Evidence for a Proenkephalin-like
Precursor in Amphibian Brain. Proc. Natl. Natl. Sci. 80.
5772-5775
Kiritsy-Roy, J. A., Appel, N. M., Bobbit, F. G., Van Loon. G.
R. (1986) Effects of Mu-Opioid Receptor Stimulation in
the Hypothalamic Paraventricular Nucleus on Basal and
Stress-Induced Catecholamine Secretion and Cardiovascular
ResDonses. J. Pharmacol. ExD. Ther. 239, 814-822
Kitchen, I. (1985) Endogenous Opioid Nomenclature: Light at
the End of the Tunnel. Gen. Pharmacol. 16. 79-84
Klingbeil, C. K. (1985) Corticosterone and Aldosterone Dose-
Dependent Reoonse to ACTH and Angiotnesin.. II in the Durk
(Anas platyrhynchos). Gen. Comp. Endocrinol. 59: 382-390
Knudtzon, J. (1986) Effects of Pro-Opiomelanocortin-Derived
Peptides, on Plasma Levels of Glucagon.. Insulin and
Glucose. Horm. Metabol. Res. 18, 579-583
Kobayashi, H., and Wada, M. (1973) Neuroendocrinologv in
Birds. In: Avian Biology, Vol. III, Farner D. S., and
King, J. R., pp. 287-347, Academic Press, New York
Kosterlitz, H. W., Corbett, A. D., Gillian, M. G. C.:
McKnight, A. T., Paterson, S. J., and Robson, L. E.
(1985) Recent Developments in the Bioassay of Opioids,
Regul. Peptides (Suppl. 4), 1-246
Krieger, D. T. (1984) Brain Peptides. Vita. Horm. 41, 1-50
Kromer, W., Ho1lt. V., Schmidt, H.. and Herz. A. (1981)
Release of Immunoreactive-Dvnorohin from the Isolated
Guinea-Pig Small Intestine is Reduced during Peristaltic:
Activity. Neurosci. Lett. 25. 53-56
Lang, R. E., Hermann, K., Dietz, R., Gaida, W., Ganten. D..
Kraft, K., and Unger, T. H. (1983) Evidence for the
Presence of Enkephalins in the Heart. Life Sci. 32, 399-
406
Larsen, L. 0. (1978) Sub-total Hepatectomv in intact or
Hypophysectomized River Lampreys (Lampetra fluviatllll
218
L.). Effects on Regeneration, Blood Glucose Regulation
and Vitellogenesis. -Gen. Comp. Endocrinol. 35, 197-204
Lasson, L. (1979) Innervation of the Pancreas by Substance P
Enkephalin, Vasoactive Intestinal Polypeptide and
Gastrin/CCK Immunoreactive Nerves. J. Histochem.
Cytochem. 27, 1283
Leatherland J. F. (1975) Structure and Fine Structure of the
Pars Distalis in Cyclostome, Holostean and Teleosteart
Represenatives. Gen. Comp. Endocrinol. 26, 2-15
LeRoith, D., Liotta, A. S., Roth, J., Shiloach, J., Lewis M,
E., Pert, C. B., and Krieger, D. T. (1982) Corticotropir
and )3-Endorphin-like Material are Native to Unicellulai
Organisms. Proc. Natl. Acad. Sci. USA 79, 2086-2090
LeRoith, D., Delahunty, G., Wilson, G. L., Roberts, C. T. Jr.,
Shemer, J., Hart, C., Lesniak, M. A., Shiloach, J., and
Roth, J. (1986) Evolutionary Aspects of the Endocrine and
Nervous Systems. Rec. Proq. Horm. Res. 42, 549-587
Levina, S., and Gordon, R. (1983) Methionine Enkephalin-
Induced Changes in Pigmentation of Zerbrafish (C_vprinidae
Brach_vdanio rerio) and Related Species and Varieties,
Measured Videodensitometrically. I. Zebrafish. Gen.
Comp. Endocrinol. 51, 370-377
L'Hermite, A., Faerrand, R., Dubois, M. P., and Andersen A.
C. (1985) Detection of Endocrine Cells by Immuno-
fluorescence Method in the Gastroenteropancreatic System
of the Adult Eel, Glass-Eel, and Leptocephalic Larva
(Anguilla anguilla L.) Gen. Comp. Endocrinol. 58, 347-359
Li, C. H., and Chung, D. (1976a) Primary Structure of Human 2-
Lipotropin. Nature 260, 622-624
Li, C. H., and Chung, D. (1976b) Isolation and Structure of an
Untziakontapeptide with Opiate Activity from Camel
Pituitary Glands. Proc. Natl. Acad. Sci. USA 73, 1145-
1148
Li, C. H., Chung, D., Oelofsen, W., and Naude, R. J. (1978)
Adrenocorticotropin 53: The Amino Acid Sequence of the
Hormone from the Ostrich Pituitary Gland. Biochem.
Biophys. Res. Commun. 81, 900-906
Li, C. H., Tseng, L. F., Jibson, M. D., Hammonds, R. G., Jr.
Yamashiro, D., and Zaoral, M. (1980) 13-Endorphin-(1-27):
Acetylation of a-Amino Groups Enchances Immunoreactivity
but Diminishes Analgesic and Receptor-Binding Activities
with no Changes in Circular Dichroism Spectra. Biochem.
Biophys. Res. Commun. 97, 932-938
Li, C. H.,. Ng, T. B., Yamashiro, D., Chung, D.,- Hamonds, R.
G., and Tseng, L. F. (1981) I3-Endorphin: Isolation
Amino Acid Sequence and Synthesis of the Hormone from
Horse Pituitary Gland. Int. J. Peptide Protein Res. 18,
242-248
219
Li, C. H., Ng, T. B., and Cheng, C. H. K. (1982) Melanotropins
: Aldosterone- and Corticosterone-Stimulating Activity in
Isolated Rat Adrenal Cells. Int. J. Peptide Protein
Res. 19, 361-365
Liridberci, I., and White, L. (1986) Reptilian Enkephalins:
Implications for the Evolution of Proenkephalin. Arch.
Biochem. Biophys. 245, 1-7
Liptrap, R. M., and Raeside, J. I. (1975) Increase in Plasma
Testosterone Concentration after Injection of Adreno-
corticotropin into the Boar. J. Endocrinol. 66, 123-131
Lofts, B. (1978) Structure. In: General, Comparative and
Clinical Endocriology of the Adrenal Cortex. Jones, I.
C., and Henderson, I. W. eds. Vol. 2, Chapter 4, Part I,
pp. 292-369, Academic Press Inc. (London) Ltd.
Lowry, P. J., Bennett, H. P. J., and McMartin, C. (1974) The
Isolation and Amino Acid Sequence of an Adrenocortico-
trophin from the Pars Distalis-and Corticotrophin-like
Intermediate-lobe Peptide from the Neurointermediate lobe
of the Pituitary of the Dogfish. Sgualus acanthias.
Biochem. J. 141, 427-437
Lowry, P. J., Silman, R. E., Hope, J., and Scott, A. P. (1977)
Structure and Biosynthesis of Peptides Related to
Corticotropins and 13-Melanotropins. Ann. N. Y. Acad.
Sci. 297, 49-62
Lowry, P. J., Estivariz, F. E., Silas, L., Linton, E. A.,
McLean, C., Crocombe, K. (1984-85) The Case for Pro-Y-MSH
as the Adrenal Growth Factor. Endocrinol.'Res. 10, 243-
258
Manara, L., and Bianchetti, A. (1985) The Central and
Peripheral Influences of Opioids on Gastrointestinal
Propulsion. Ann. Rev. Pharmacol. Toxicol. 25, 249-273
Margioris, A. N., Liotta, A. S., Vaudry, H., Bardin, W., and
Krieger, D. T. (1983) Characterization of Immunoreactive
Proopiomelanocortin-Related Peptides in Rat Testes.
Endocrinol. 113, 663-671
Martens, G. J. M., and Herbert, E. (1984) Polymorph•isn and
Absence of Leu-Enkephalin Sequences in Proenkephalin
Genes in Xenopus laevis. Nature 310, 251-254
Mason, R. T., Coghlan, J. P.. Denton. D. A., Graham, W. F..
Humphery, T. J., Scoggins, B. A., Whitworth, J. A. (1984)
Prostaglandin Synthesis Inhibition with Indomethacin in
ACTH-Induced Hypertension. J. Cardiovasc. Pharmacol. 6.
288-292
Matsuda, G. (1982) A Discussion of the Molecular Evolution of
Proteins, Especially Hemoglobin. In: Molecular
Evolution, Protein Polymorphism and the Neutral Theory,
Kimura, M. ed., pp. 287-296,,Japan Sci. Soc. Press, Tokyo
220
Matsumura, M.J. Saito, S.,-and Fuiino, M. (1982) Effects of
Solution of Low pH and Taurocholate on Release of /3-
Endorphin-like Immunoreactivity from Human Duodenal
Mucosa In Vitro. Regul. Peptides 3, 173-181
McDongall, J. G., Butkas, A., Coghlan, J. P., Denton, D. A..
Muller, J., Oddie, C. J., Robinson, P. M., and Scoggins,
B. A. (1980) Biosynthetic and Morphological Evidence for
Inhibition of Aldosterone Production following
Administration of ACTH to Sheep. Acta Endocrinol. 94,
559-570
Meyer, W. J., Smith', E. M., Richards, G.E., Cavallo, A.,
Morrill, A. C., and Blalock, J. E. (1987) In Vivo
Immunoreactive Adrenocorticotropin (ACTH) Production by
Human Mononuclear Leukocytes from Normal and ACTH
Deficient Individuals. J. Clin. Endocrinol. Metab. 64,
98-105, 1987
Millan, M. J., and Herz, A. (1985) The Endocrinology of the
Opioids. Int. Rev. Neurobiol. 26, 1-83
Murat, J. C., Plisetskaya, E. M., and Solitskaya, L. P.
(1979) Glucose-6-phosphatase Activity in Kidney of the
River Lamprey (Lampetra fluviatilis L.). Gen. Comp.
Endocrinol. 39, 115-117
Musacchio, J. M., Puig, M. M.. Casper, M., and Nodar, R.
(1980) Opioid Peptides in the Guinea Pig Ileum. In:
Neural Peptides and Neuronal Communication, Casta, E.,
and Trabucchi, M. eds. 313-321, Raven Press, New York
Naito, N., Takahashi, A., Nakai, Y., and Kawauchi, H. (1984)
Immuncytochemical Identification of Proopiocortin-
Producing Cells in the Chum Pituitary with Antisera to
Endorphin and N-terminal Peptide of Salmon Proopiocortin.
Gen. Comp. Endocrinol. 56, 185-192
Naito, N., Nakai, Y., Kawauchi, H., and Hayashi, Y. (1985)
Immunocytochemical Identification 'of Melanin-
Concentrating Hormone in the Brain and Pituitary of the
Teleost Fishes Onchorh_vnchus keta and Salmo gairdneri.
Cell Tissue Res. 242, 41-48
Naude, R,.- J., Chung D., and Li, C. H. (1981) B-Endorphin:
Primary Structure of Hormone from the Ostrich Pituitary
Gland. Biochem. Biophys. Res. Commun. 98, 108-114
Ng, T. B., Chung, D., and Li, C. H. (1981) Isolation and
Properties of Endorphin (1-27), N-Acetyl-/3-Endorphin, and
Corticotropin, Y-Lipotropin and Neurophysin from Equine
Pituitary Glands. Int. J. Peptide Protein Res. 18, 443-
450
Ng, T. B., Hon, W. K., Cheng, C. H. K., and Su, B. (1986)
Evidence for the Presence of Adrenocorticotropic and
opiate-like Hormones in the Brains of Two Sea Snakes,
Hydrophis cyanocinctus and Lampemis hardwickii. Gen.
Comp. Endocrinol. 63, 31-37
221
Ng, T. B., Hon, W. K., and Idler, KD. R. (1987)
Adrenocorticotropin- and Opiate-like Hormones from
Pituitaries of Sockeye Salmon Oncorh vnchus nerka,
Biochem. Cell. Biol. 65, in press
Nozaki, M., and Gorbman, A. (1984) Distribution of
Immunoreactive Sites for Several Components of Pro-
opiocortin in the Pituitary and Brain of Adult Lampreys?
Petromyzon marinus and Entosphencs tridentatus. Gen.
Comp. Endocrinol. 53, 335-352
Nozaki, M., and Gorbman, A. (1985) Immunoreactivity for Met-
enkeohalin and Substance P in Cells of the Adeno-
hvDoohvsis of Larval and Adult Sea Lamprey, Petromvzori +
marinus. Gen. Como. Endocrinol. 41. 506-519
Oka, K., Kantrowitz, J. D.. and Spector, S. (1985) Isolation
of Morhine from Toad Skin. Proc. Natl. Acad. Sci. USA
82, 1952-1854
Oliverio, A., Castellano. C., and Puglisi-Allegra, S. (1984)
Psychobiology of Opioids. Int. Rev. Neurobiol. 25. 277-
337
Orwoll, E. S., and Kendall, J. W. (1980) 13-Endorphin and
Adrenocorticotrophin in Extrapituitary Sites: Gastro-
intestinal Tract. Endocrinol. 107. 438-442
Parolaro, D., Crema, G., Sala, M., Santagostino, A, Giagnoni..
G., and Gori, E. (1986) Intestinal Effect and Analgesia:
Evidence for Different Involvement of Opioid Receptor
Subtypes in Periaaueductal Grav Matter. Eur. J.
Pharmacol. 120, 95-99
Pasternak, G. W., and Wood, P. J. (1986) Multiple P Opiate
Receptors, Life Sci. 38. 1889-1898
Pert. C. B.. Snowman. A. M.. and Snyder. S. H. (1974)
Localization of Opiate Receptor Binding in SynapticMembranes of Rat Brain. Brain Res. 70. 184-188+
Pestarino, M. (1985) Occurrence of 13-Eridorohin-like Immuno-
reactive Cells in the Neural Complex of a Protochordate.
Cell.'Mol. Biol. 31. 27-31
Petraglia, F., Locatelli, V., Denalva. A., Cocchi, D..
Genzzani, A. R., and Muller, E.- E. (1984) Gonadal
Steroids Modulation of Naloxone-Induced Luteinizina
Hornmone Secretion in Rat. J. Endocrinol. 101, 34-39
Pickering, A. D., Pottinger, T. G., and Sumpter, J. P. (1986)
Independence of the Pituittary-Interrenal Axis and
Melanotroph Activity in the Brown Trout, Salmo truta L.,
under Condiction of Environmental Stress. Gen. Como.
Endocrinol. 64, 206-211
Pintar, J. E., Schachter, B. S., Herman, A. B., Durgerian, S.,
and Krieger, D. T. (1984) Characterization and
Localization of Proopiomelanocortin Messenger RNA in the
Adult Rat Testes. Science 225. 632-634 y
222
Pitzel, L., Kendoff, A., Osterloh,-B., and Konig, A. (1984)
The Stimulating Effect of Corticotrophin on Testicular
Testosterone Release in Male Rabbits. Exp. Clin.
Endocrinol. 83, 297-302
Plisetskaya, E. M., and Kuz'mina, V. V. (1972) Glycogen
Content in Organs of Agnatha (Cyclostomata) and Fish
(Pisces). Vop. Ikhtil. 12, 297-306. (In Russian.1
Pough, F. H. (1979) Modern Reptiles. In: Vertebrate Life.
McFarland S. N., Pough, F. H., Cade, T. J., Heiser, J. B.
eds. Chapter 14, pp. 455-513, Macmillan Publishing Co.
Primi, M. P. (1985) Central and Peripheral Control of
Gastrointestinal and Colonic Molitity by Endogenous
Opiates in Conscious Dog. Gastroenterol. 88, 549-556
Radke, W. J., Albasi, C. M., Rees, A., and Harvey, S. (1984)
Stress and ACTH Stimulate Aldosterone Secretion in the
Fowl( Gallus domewsticus). Comp. Biochem. Physiol. 82A,
285-288
Rafferty, B., Zanelli, J. M., Rosenblatt, M., and Schulster,
D. (1983) Corticosteroidogenesis and Adenosine 3',5'-
•Monophosphate Production by the Amino-Terminal (1-34)
Fragment of Human Parathyroid Hormone in Rat Adreno-
cortical Cell. Endocrinol. 113, 1036-1041
Rees, A. and Harvey, S. (1987) Adrenocortical Response of
Pigeons (Columbia livia) to Treadwheel Exercise. Gen.
Comp. Endocrinol. 65, 117-120
Rodrigues, K., Sumpter, J. P. (1983) The Distribution of Some
Proopiomelanocortin-Related Peptides in the Pituitary
Gland of the Rainbow Trout, Salmo gairdneri. Gen. Comp.
Endocrinol. 51, 454-459
Rosenblum, P. M. (1986) Naloxone Binding in the Brain of the
Brown Catfish Ictalurus nebulosus. Biol. Reprod. 34
(Suppl. 1), 333
Roth, J., LeRoith, D., Collier, E. S., Watkinson, A., and
Lesniak, M. A. (1986) The Evolutionary origins of
Intercellular Communication and the Maginot Lines of the
Mind. Ann. N. Y. Acad. Sci. 463, 1-11
Rovainen, C. M. (1982) Neurophysiolo4gy. In: The Biology of
Lampreys, Hardisty, M. W., and Potter, I. C. eds., Vol.
4A, pp. 1-136, Academic Press Inc. (London) Ltd.
Rudman, D., Berry, C. J., Riedeburg, C. H., Hollins, B. M.,
Kutner, M. H., Lynn, M. J., and Chawla, R. K. (1983)
Effects of Opioid Peptides and Opiate Alkaloids on
Insulin Secretion in the Rabbit. Endocrinol. 112, 1702-
1710
Salto, E., Iwasa, S., and Odell, W. D. (1983) Widespread
Presence of Large Molecular Weight Adrenocorticotropin-
like Substances in Normal Rat Extrapituitary Tissues.
223
Endocrinology 113, 1010-1019
Sanchez-Blazquez, P., Garzon, J., Lee, N. M., and Hollt, V.
(1984) Opiate Activity of Peptides Derived from the three
Opieid Peptide Families on the Rat Vas Deferens. Neuro-
peptides 5, 181-184
Sanchez-Franco, F., Datel, Y. C., and Reichlin, S. (1981)
Immunoreactive Adrenocorticotropin in the
Gastrointestinal Tract and Pancreas Islets of the Rat.
Endocrinol. 108, 2235-2238
Sayers, G. (1977) Bioassay of ACTH using Isolated Cortex
Celts. Ann. N. Y. Acad. Sci. 297, 220-241
Schusdziarra, V., Specht, J., Schick, R., Fuente, de la,
Holland, A., and Ffeiffer, E. F. (1983) Effect of
Morphine, Leu-Enkephalin and 13-Casomorphins and Basal
Somatostatin Release in Dogs. Horm. Metabol. Res. 15,
407-408
Schwartz, J. P., and Costa, E. (1986) Hybridization Approaches
to the Study of Neuropeptides. Ann. Rev.- Neurosci. 9.
277-304
Schwyzer, R., Schiller, D., Seelig, S., and Savers, G. (1971)
Isolated Adrenal Cells: Log Dose Response Curves for
Steroidogenesis Induced by ACTH-(1-24), ACTH-(1-10),
ACTH-(4-10) and ACTH-(5-10). FEBS Lett. 19, 229-231
Sholdice, J. A., and McMillan, D. B. (1985) Pituitary Cysts in
the Sea Lamprey of the Great Lakes Petrom_vzon marinus L.
Gen. Comp. Endocrinol. 57, 135-149
Siolund, K., Sanden, G., Hakanson, R., and Sundler, F. (1983)
Endocrine Cells in Human Intestine: An ImmunocvtochemicalStudy. Gastroenterol. 85, 1120-1130+
Skoczylas, R. (1978) Physiology of the Digestive Tract. In:
Biology of the Reptilia, Gans, C., and Gans, K. A. eds,
Vol. 8, Chapter 6, pp. 589-717
Smith, E. M., Meyer, W. J., and Blalock, J. E. (1982) .Virus-
induced Corticosterone in Hypophysectomized Mice: a
Possible Lymphoid Adrenal Axis. Science 218, 1311-1312
Smith,. S. S., Awoke, S., Wade, A., and Recant, L. (1983)
Opiate Peptides are Released by the Perfused Rat Ileunm-
Jeiunum in Response to Chemical and Physical Stimuli.
Horm. Metabol. Res. 15, 257-258
Spampinato, S., and Goldstein, A. (1983) Immunoreactive
Dynorphin in Rat Tissues and Plasma. Neuropeptides 3
193-212
Steenbergh, P. H., Hoppener, J. W. M., Zandberg, J., Roos, B.
A., Jansz, H. S., and Lips, C.IJ. M. (1984) Expression of
the Proopiomelanocortin Gene in Human Medullary Thyroid
Carcinoma. J. rlin. Endocrinol. Metab. 58, 904-908
224
Stern, A. S., Wurzburger, R. J., Barkey, R., and Spector, S.
(1982) Opioid Polypeptides in Guinea Pig Pancreas. Proc.
Natl. Acad. Soc. 79, 6703-6706
Styne, D. M., Isaac, R., Miller, W. L., Leisti, S., Connors,
M., Conte, F. A., and Grumbach, M. M. (1983) Endocrine,
Histological, and Biochemical Studies of Adrenocortico-
tropin Producing Islet Cell Carcinoma of the Pancreas in
Childhood with Characterization of Proopiomelanocortin.
J. Clin. Endocrinol. Metab. 57, 723-731
Sumpter, J. P., Pickering, A. D., and Pottinger, T. G. (1985)
Stress-Induced Elevation of Plasma a-MSH and Endorphin in
Brown Trout, Salmotrutta L.. Gen. Comp. Endocrinol. 59,
257-265
Sumpter, J. P., Dye, H. M., and Benfey, T. J. (1986) The
Effects of Stress on Plasma ACTH, a-MSH, and Cortisol
Levels in Salmonid Fishes. Gen. Comp. Endocrinol. 62,
377-385
Takahashi, A. Kawauchi, H., Mouri, T_, and Sasaki, A. (1984)
Chemical and Immunological Characterization of Salmon
Endorphins. Gen. Como. Endocrinol. 53, 381-388
Takahashi, A., Kubota, J., Kawauchi, J., and Hirano, T. (1985)
Effects of N-terminal Peptide of Salmon Proopiocortin on
Interrenal Function of the Rainbow Trout. Gen. Comp.
Endocrinol. 58, 328-335
Taylor, T., Dluhy, R. G., and Williams, G. H. (1983) 13-
Endorphin Suppressed Adrenocorticotropin and Cortisol
Levels in Normal Human Subjects. J. Cli.n. Endocrinol.
Metab. 57, 592-596
Terman, G. W., Shavit, Y., Lewis, J. W., Cannon, J. T., and
Liebeskind, J. C. (1984) Intrinsic Mechanisms of Pain
Inhibition: Activation by Stress. Science 226. 1270-
1277, 1984
Tesch, F. W., and Greenwood, P. H. (1977) Body Structure and
Functions. In: The Eel, Biology and Management of
Anguillid Eels, Chapter 1, pp. 1-80, Chapman and Hall
Lte. London
Throen, P., Morgan, D., O'Neill, T. P., Needleman, P., Mark,
A., and Brody, M. J. (1985) Atrial Natriuretic Factor
Activates Vagal Afferents in Rats. Fed. Proc. Absts.
8616
Tsong, S. D., Phillips, D. M., Halmi, N., Krieger, D., and
Bardin, C. W. (1982) /3-Endorphin is Present in the Male
Reproductive Tract of Five Species. Biol. Reprod. 27,
501-506
Twig, A. K., Cockburn, E. (1984) I3-Endorphin-like Immuno-
reactivity in Extracts of the Fetal Bovine Pancreas.
Column Chromatographic Characterizations of a High-
Molecular-Weight Immunoreactive Species. Diabetes 33
235-238
225
Vallarino, M. (1986) /3-Endorphin-like Immunoreactivity in the
Brain of the Lizard. Lacerta muralis. Gen. Comp.
Endocrinol. 60, 63-69
Van Noorden, S., Ostberg. Y., and Pearse. A. G. E. (1977)
Localization of Somatostatin-like Immunoreactivitv in the
Pancreatic Islets of the Haafish. Mvxine glutinosa and
the Lamore y. Lamoetra fluviatilis. Gen. Como.
Endocrinol. 19. 192-199
Walker, J. M., Akil, H.. and Watson, S. J. (1980) Evidence for
Homologous Action of Proooiocortin Products. Science
210, 1247-1249
Wang, Y. N., Church. A. C... and Wvatt. R. J. (1984)
Localization of Met -Enk-Arg -Phy -like Immunoreactivity
in the Rat Gastrointestinal Tract. Neurosci. Lett. 51.
319-324
Warren, D. W., Schmitt, C. A., and Franzino, S. J. (1984)
Adrenocorticotropin Stimulates Testosterone Production by
Fteal Rat Testes. Ann. N. Y. Acad. Sci. 438 677-680
Watkins, W. B., Bruni, J. F., and Yen, S. S. C. (1980) 13-
Endorphin and Somatostatin in the Pancreatic D-Cell
Colocalization by Immunocvtochemistrv. J. Histochem.
Cytochem. 28. 1170-1174,
Watson, S. J., Akil, H., Khachaturian, H., Young, E., and
Lewis, M. E. (1984) Opioid Systems: Anatomical,
Physiological and Clinical Perspectives. In Opioids,
Past, Present and Future. Hughes. J... Collier, H. 0. J.,
Rance, M. J., and Tvers, M. B. eds. Chapter 11, pp. 145-
178, Taylor Francis Ltd.
Webster. D., and Webster. M. (1974) Nervous System Structure
In: Comparative Vertebrate Morphology. Chapter 11
pp. 235-272. Academic Press Inc. (London) Ltd.
Webster, D., and Webster,. M. (1974a) How We Got Here:
Vertebrate Phylogeny. In: Comparative Vertebrate
Morphology, Chapter 2, pp. 17-42, Academic Press Inc.
(London) Ltd.
Weisbart, M., Dickhoff, W. W., Gorbman, A., and Idler, D. R.
(1980) The Presence of Steroids in the Sera of the
Pacific hagfish, Eptatretus stouti and the Sea Lamprey,
Petromyzon marinus. Gen. Comp. Endocrinol. 41, 506-519
Werling, L. L., Brown. S. R., Puttfarcken. P... and Cox, B. M.
(1986) Sodium Regulation of Agonist Binding at Opioid
Receptors. II. Effects of Sodium Replacement on OoioidBinding in Guinea Pig. Mol. Pharmacol. 30, 90-95..
Wong, T. M., Lee. A. Y. S., and Zhan. C. Y. (1985) Cardiac
Effects of 13-Endorphin in the Isolated Perfused Rat
Heart. Neurosci. Lett. (Suppl. 20): S38
Yajima, F., Suda, T.. Tomovi, N., Sumitomo, T., Nakagami. Y.
226
Ushiyama, T., Demura, H., and Shizume, K. (1986) Effects
of Opioid Peptides on Immunoreactive Corticotrtopin-
Releasing Factor Release from the Rat Hypothalamus In
Vitro. Life Sci. 39, 181-186
Yaksh, T. L., and Noueihed, R. (1985) The Physiology and
Pharmacology of Spinal Opiates. Ann. Rev. Pharmacol.
Toxicol. 25, 433-462
Yoshikawa, K., Williams, C., and Sabol, S. L. (1984) Rat Brain
Preproenkephalin mRNA. J. Biol. Chem. 259, 14301-14308
Young, J. Z. (1983a) The Origin of Chordates from Filter
Feeding Animals. In: The Life of Vertebrates. 3rd.
ed., chapter 3, pp. 50-74, Oxford Univer. Press, New
York
Young J. Z. (1983b) Evolution of Teleosts. In: The Life of
Vertebrates. 3rd. ed., Chapter 8, pp. 189-199, Oxford
Univer. Press, New York
Young J. Z. (1983c) The Vertebrate without Jaw. Lampre v. In:
The Life of Vertebrates. 3rd. ed., Chapter 4. DD. 75-
113, Oxford Univer. Press, New York
Youson, J. H. (1973) Effects of Mammalian Corticotrooin on the
Ultrastructure of Presumptive Interrenal Cells in the
Opisthonephros of the Sea Lamprey, Petrom_vzon marinus L..
Am. J. Anat. 138, 235-252.
Youson, J. H. (1981) The Liver. In: The Biology of
Lampreys, Hardisty, M. W., and Potter, I. C. eds., Vol.
3, pp. 263-332, Academic Press Inc. (London) Ltd.
Yrvine, W. J., Toft, A. D., Wilson, K. S., Fraser, R., Wilson,
A., Young, J., Hunter, W. N., Ismail, A. A. A., and
Burger, P. E. (1974) The Effects of Synthetic
Corticotropin Analogues on Adrenocortical, Anterior
Pituitary and Testicular Function. J. Clin. Metab. 39.
522-529
Yui, R. (1983) Immunohistochemical Studies on Peptide Neurons
in the Hypothalamus of the Bullfrog Rana catesbeiana.
Gen. Comp. Endocrinol. 49, 195-207
Zieglgansberger, W. (1984) Opioid Actions on Mammalian Spinal
Neurons, Int. Rev. Neurobiol. 25. 243-275
Zioudrov, C., Streaty, R. A.,and Klee,'W. A. (1979) Opioid
Peptides Derived from Food Proteins. The Exorphins. J.
Biol. Chem. 254, 2446-2450


